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ABSTRACT

Sago worms (Rhynchophorus ferrugineus) is a significant pest for palm trees. Consuming
sago worm not only decrease the use of pesticides but also provide a cheap and good nutritional
source. Sago worm is the most popular edible coleopterans consumed in the tropical countries.
The objectives of this study are to evaluate the chemical composition of sago worm and to
develop an alternative food product from sago worm. The analysis of chemical composition of
sago worms are lipid and protein which maintain 20.65% and 7.49% of total nutrition of the edible
parts respectively. The most of fatty acid founded in sago worms is monounsaturated fatty acid
(MUFA) which maintain 2.076% of total nutrition of the edible parts. The amino acid founded in
sago worms are 8 essential amino acids and 8 non-essential amino acids, the main non-essential
amino acid is glutamic acid (101.53 mg per 100 ¢ of the edible parts) which contributes an umami
taste in food. The analysis of edible parts of sago worms which is a skin part and an inner part
found that in an inner part have more lipid and fatty acid than a skin part, and a skin part have
more amino acid than an inner part. From the drying result of sago worm (tray drying, vacuum
drying and freeze drying) reveals that vacuum drying method in 80 °C 3 hours condition takes less
time than freeze drying and can decrease moisture content the most which decreasing from
70.21% to 0.27% in a skin part and decreasing from 60.64% to 0.2% in an inner part, and also give

a good appearance in both parts which is suitable to apply as a raw material in alternative food



products from sago worm. Sago worms is cheap and good nutritional sources for human. For
future application, our research group will develop protein bar from dried sago worms for being

an alternative food source.
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IlaenTILaLlas1anelas U ka9 19N eaEinsrurunsasunsabuduwand lmdunse

TofurfinduNilnNue1IYe9E18ANSUBUNINTU (AW 2.4)

AW 2.4 M3TunnIalaiuaudnnuvesiusyalunsaluduinulaenill

fan (Amanpour, A., 2017)



2.4 WUshu
2.4.1 Wshu

TUsAuduasusenaudunsd Jainannnisasaiuszindlndsenineaiuveansnazilu
Junedinulng waziiinnsiuiunseidugunss lnesismenyudliiusiuduesiussnovdfey
Tun1sansatin Nalunisastenanuile wuley wareasluu Wesuusemulusawll s19neay

gaslusiuladunsaeziluieinluduseld

2.4.2 n3nasdly
lassasaveansaezdly (nmi 2.5) szillaseanisvauaiaiusslaaudey du

lelasiau nquensuenda naueszdily uay vy R Mdusunieildlunisusuenyin uazdoves

nsnezdlu (Campbell, NA. et al., 2003)

2NN 2.5 TAssaseueansnaziily

fan: (Campbell, N.A. et al., 2003)

lngozdiluazuissandu 2 naulvg) suanuaunsalunsdaaseilavaauyed laun
nsnozdludndu Feanredunsieilald (m19199 2.2) uaznsnesiiluludndudasnanie

FUAT1LAL (115197 2.3)



A15199 2.2 ¥iaveInsaeziludndunazUselovinasnanie

nsnazdludndu | Usslevisasnanig
Tryptophan ANANINLATEA UTIN101N1TLINTY Fredaaunisueunaueg ulusssuyf
Threonine Prgiiundauiy Fremnagyluiu wasddwddglunisasinsneziilusge

o

Tnaduwazsu

Phenylalanine

WLAUAUM LETUAIINTN UITBINISTULAST anANBYINDINTT LAzl

WinauaulaluS oL

Methionine Juansreuoyyadasydunsmas uastglunisgevaangluiu
Leucine YIuNTEAUNTVINUYDIANDY [ undslind1uile wazarelilwadUszam
< &

LTI UY

Lysine Hewasuauns fedesiulsasuuaglsanseanngy vstnmdymeunisduiug

Valine YIINTLAUANTTOULVDIANDIATYILNTUTEAUTUVBINA LD

Isoleucine LT UATINNITLAT YR ULALaZLETUAT 19N 199119 UV T3 UUUTEEM 1Y
Waunsiseus3

TIRT < A o © ) 19 <
Histidine Junsneziiludndu dmsunisnuazian

fisn: Earl M., 2010
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A15199 2.3 vinveinsaezilulisndulazyselovisasienie

nsnaziluladndu

Uselevinasnanie

Glutamic acid

ninavdnAetdulomaliunanss Brednnisiutenluiediuiu

Aspartic acid

Felunmstutenluiledudualssunsigasnaingenie

Glutamine \Judumiavesngdnlsleu fdnraelvaantu uazdieiiusziuvedngm
gosluU

Glycine Fresnwnnesonldanewinudos Snwilsanduiededu Snwinie
¥nasi

Cysteine Frenoiueyyadasy waslanudndudmsumsnuasiaony

Serine ety lviu Lﬁumil,ﬁm@ﬂmmLﬁfm?jaLLazizUUQﬁﬁmﬁuiuiﬂqmsJ
nsneowiily

Tyrosine PrwduasunsinauvesnauniInta Aeuldauss reulnseus wazdiesnm
DINITTULAT

Proline PigronuayyadasruazdieuTulasase

Alanine Gzime@mzﬁUfﬁmaiuLﬁamLLazammmiGiauQﬂwmIm

Arginine nszdumsndslnangosluy induiuedd LANTIONMININA F2eLHN
nangylvtiulusenieuazanseauneladineseavilag

Asparagine FmihilunisdaadunisiauresssuuUssamalunans

fisn: Earl M., 2010
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2.5 mynareilvdiunazlusiuludaeeg
2.5.1 A5aseiilusiu
MeeseRlusiuaniegaonsanansautdldidu 3 duneu (i 2.6)
1. psanmlusiueanangegg

1 a

2. mswlasuansaialusiulmdunsalosiuniivyufiateamas

Y

3, thnsaleduiildluiaseilagldia3os eas-chromatography (GC) wielnsurinves
nselusiu Tneonsiasesdlaiulusiegsemmsiinldisues AOAC Tneiituneufe vnisaanosa
pdsoITENsAvieIUd ntadudimediiteldlunisataluiusenaindiegnaems waztn
ansafmlsiufiadnldnsiunseuiuns transesterification Wildidunsalufufifivgiufiaeames

ntuthlUmsgviviaueansaluiuniewased GC (FAO.,2010)

2.5.2 A5A51zAlushAuY
a ¢ 1a a 1 Y @ 3 A | a a
n15AeseRUsinalusivanusawdslaidu 2 Tuneu Ae n1sdeslusiu way N133eyiln
voensaezily Inesn1sgeslusAutuanunsayinla 3 36 awanslunni 2.5
1. Alkaline hydrolysis 4 stdun1sldaisazansivaidluvaewusyindlng 1ae
a1sazangiuanieuldme Ba(OH), ANUINTW 4N
2. Acid hydrolysis t1Junsidasazarensa luviareiussindlng
3. Enzyme hydrolysis 14 taulesiiiinnudnnizsensaesdluiueg Walviatewusy
wdlng
Y] A a v a Y ° & PN = a a
waeand geglusauaulansneviiluwa ihlUdtunauil 2 Aen1sseyvinvasninosiily

Tneipso gas-chromatography and mass spectrometry (Soboleva et al., 2017).
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| Protein isolation |

|

I Alkaline hydrolysis l I Acid hydrolysis | | Enzymatic hydrolysis I
Ba(OH), HCl Pepsin, pronase E, Pronase E,
leucine leucine
aminopeptid ami ptidase,
prolidase carboxypeptidase Y
Collagenase, pronase
E, porcine kidney
aminopeptidase
Analysis

AN 2.6 N5 BATIZALUSHUY

‘ﬁm: (Soboleva et al., 2017)

2.6 NISDUIAY

2.6.1 nMsaunislngldisniseuniisaniau (Tray drying)
Lﬂu‘i%miauhsﬁg’fauam%@u (AN 2.7) 1ngi1fe819971915 bTU BN WAkl wasiy

ayulns Taluonavsenzunse udrhddovansounigamalivseana 50-70 asrnwaided 10y

q
'
4 =3

Ay Feazausoununuluiuimiingiu viaidmanniuiuniaieedlauniuls auseuas

dudlvluduingdu esnnagldansounianuiiligeln Ingfudediegils linelmianis

q

[

Y = = Y & A o g v v
auazLWQUWiaﬂ’ﬁﬂigLLVlﬂrL@s] m‘éﬂ,ug%u @IaNQ@@WﬂWﬁLLaSW’J’]QJ%u@@ﬂ‘l‘U LW@VHIME]']M']?LLVN

157U (NFURRIINSIUNARNLLALBYSNYNAIY NTINTHNANY, 2015)

i v o & 4 o
MR 2.7 NENASTINIUVB AT BB ULAILUUA AN b

1 : (Ao Wuensena wazany, 2561)



13

2.6.2 MyauwislagldIsn1sauniawuugyIna (Vacuum drying)

&Y

o v o u o Y =~ =
Junseuwidlaeidniesnanemsteglidugaaneiieguainiseen (nmil 2.8)

q @

bianudunmeludeudmnianuduusseniaund (Juaggyinie vielnaayyinie) el

'
a o

uluemsseinenateidulefigamgiion awnsadesiulieoimsgnyianedeainuseud

Y

<@ a

gaumnias uarditivasnuamalaruinsiilea (Muiiey waaduned uaz 9581 Saurduw,

2552)

Heater VIOISTUTE INaICcator

Loadcell

T~

/ Temperature Indicator

Vacuum Indicator

Weight Indicator

L

Vacuum Pump

A

AN 2.8 1 LATBIBULIILUUAINTA
7111 : (Mohammad, B.H.N, 2015)

2.6.3 mysuniilagldismsmsiiuiadanulswuugyyinia (Freeze drying)
o P < a o a T A
N13YIWBEaNLIMuUAYINA (AT 2.9) ilalaenisiufsuaniueveunse
& A st & 2 @ Sa = 0§ a a a o ¢

Anuguieglugasdaduresvanluvesudandundniiuds Inensangamgiveindndugiad
Intuazyinisanauauan mwIndedliinIUsTEINIAUNG Wislindnuiudeainsaianig
sgidin (Sublimation) nanetdulelaneldgamaiivindunieninit 0 ssrwalded n15viuis
wuuLanudeagldiv enmsuaneriiaiiiasnwiuasWau A mislud1uAuAIMIlATWINTT

ANWAULNNNUSEAMFUNE LazN158aU5S UV
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AT 2.9 : LATDY freeze dryer

i3 : (Andra, P., 2019)

2.7 WsAudaLvia

Aondnduaasuosiiduruusauis (0 2.10) Tdrwusznounan fe TUshu (Fevay

20-50) wagadruusenaudue) i Astulanse ludu 3l wazussnene lngenadiniswiuingdovy

amsnIslun1IanAUTUIE Wialilen water activity aglugie 0.5-0.8. TsAudauvslasuainy

aulanndulusedayuinisnsinm lagldnglusiugatondauamadnvuinisaiwasiinasosiniy

Ingnsudlovslnamugivianssunsindoulmvesywd uldiduesdusenaunanlunmsndnlusiudn
! a g ! P Ao ] ) | .

wiie Ingfiailuemnsiaieguainiilinaavidlaouinisas Sulsenudte wasnnwigeain (Xianghe

et al., 2019)

Al 2.10 : TWsAudaumi
fian : (https://www.kickstarter.com/projects/crowbarprotein/

jungle-bar-the-insect-powered-protein-bar)


https://www.kickstarter.com/projects/crowbarprotein/
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uni 3

o

Ta9 gunsal uae FBAliunsie

3.1 Jaauazaunsal

3.1.1 Iy
ANEATEEY 80-90 T 91U 3.5 Alandu Mndminnd
Sweet whey protein 1 fAilansy (AINUTEMNTIVNLAL)

3.1.2 \aedile
\A3DteUWTILULaNSoU (Tray dryer)
LA3BIBULTTILUUAYINIA (Vacuum dryer)
\3sauliaLuuLdenudgaanie

gudionudgamall -20°C

3.2 35AHUNITIY

] 14

3.2.1 NMIATLNADE1A9ER

1. ApAeanaiidleny 90-100 Tu Jvu1negsening 3.0-4.0 WURLUAT

Y 9

a

2. aantuddendunian 2 wikazutidenudsiigaumgll -20 esreaidea Liusnw
UNIANUIATIER
3. WedeINTIATIe avanenann aullgauigiogseving -2 At 2 asrwaidua B
]
ANNAIUTY
4. ldeadnauivesnisaineen
5. Hwusangeenidu 2 di (0w 3.1)

6. dwinhuuilnavasnanarediuudeniasiile wundiuldenasnanniiledviyuy

(mwﬁ 3.2A uay 3.2B)

[ [
o U ! =] v ¥ )

7. dmsvdruiilonuu dasthuidaaldean (nwd 3.20) anldazidnwazidunesnia

Prenatdusanin lvdutledvniuenaildeonuinan
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a

8. usnwduldenuasiiedvnfiuendildoenudifigumngll -20 ssmisadea 13

Y

dusurnnisiasieiseld

a | & o v v
AN 3.1 N’IL‘UaaﬂG\’mLLU?EJ’]’JGUENmGDWNaWQ

AW 3.2 dudsznauvessiang wWaen (A) Lie (B) uaz aldnueneeandandquile (O

3.2.2 NFIATIENDIAUTENBUVDIRINER
nsATERUsINYesEsUTEnounan LUsAuLazladuagldfegiafeanu Tnglddu
Waonuasiilovosdasann ag1say 500 niu
3.2.2.1 M5 AATITIUSNIUYRLETsUSENBUREAN (proximate analysis)
fal AOAC (2019) 920.153
Aslulawnsn  Method of analysis for nutrition labeling (1993) p.106

Ty AOAC (2019) 922.06
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ATy AOAC (2019) 950.46 (B)
TUshiu AOAC (2019) 981.10
3.2.2.2 M3szyviinvaslusiu
Official journal of the European communities, L257/16
3.2.2.3 nsszyviinvadludiuy
AOAC (2019) 996.06
3.2.3 N13OULIAINENA
Tunseuusiasda fhegndmddenuavdiuiieszouneniu
3.2.3.1 nMsauniislagldisniseuniisaniou (Tray drying)
aUfeEe 2 annazie 7 80 esrwaldua wiu 3 Falus uaz 5 $alus
3.2.3.2 Msauwitlaglign1seuwisuUgayIn1A (Vacuum drying)
ausieEe 2 an1sie 7 80 serwalded uiu 3 9914 waz 70 ssrwadud
W 5 Hlua
3.2.3.3 nsauwiidlaeldisnsiwiadanudanuugayinia (Freeze drying)
‘Uiiﬂ;ﬁaaEm?humﬁaﬂLLazﬁ’guﬁdmémwmaaﬂﬂ%mm 220mL way wdon
Felilamgil 20 esmwaidoa waztidiades Freeze dry (LABCONCO) Ingiden

a 1 b4

nsldeuduszuu auto vacuum wazaiely chamber figaunail agsiios -40 9en

Y

waldea neldmnusiy 133 x 102 mbar sukiadunan 24 ks
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3.2.4 MInAnlUTAUIALINRINA9ETR

M19197 3.1 drunanlunsnanlusaugauvisanaeang

GRILIGH ansil ansn2 ansi3 gnsia
GREGRIGH)
(nfu) (nFw) (nFw) (n3w)
sweet whey protein 48 24 12 -
AEADUUIAY - 40.15 60.03 80.04

mEIToUNE A

Dark chocolate 40 40 40 40
Peanut butter 125 125 125 125
Yis 100 100 100 100
Yrsfuznd 30 21.71 17.70 13.47
Granular 265 265 265 265
USNIaUUARDIIIU 293.96 294 294.84 294.18

1 '
= v

1. a¥any dark chocolate Wy peanut butter lurumauiinauunsieldiniifuaudou
Tnevuduia suavanedhdesy

2. s uag tisfunendadiulumunen Wedhiuwdhnsureenainihdeu

3. @Y Granular, sweet whey protein/ ANA1ABULINAIEITOURIIKUUANYINIA AT
dulszneuiiivunlugnsinasy

4. wauAanAdIE@ILRaNnagInifleiu Uildannrun 20x30 WURIAT wWiNTEATY
Tihan waghidhdiuigamgliuszanm 8-10°C 1Wutian 1 dalus

5. theanudnduuamasuaun 8x3x2 gnuiAiisufiuns

3.25 MsNAsauNsEaNsuvasluilam (acceptance test)
N1INAARUNNTEBNTUVBI UTLNAABAI9E 19l TAUSALYINTIUIU 4 /39814 (A3D81
AuAy gnsi 1-3) Tvnaaaudiuiu 30 au 1uduilan 01y 25-30 T w3sudied1alagdn

wUslUsiugaunis 4 iregelvignagey ussylunivusnataindunnidi1lndieas 10 nu



19

(WsAudauramsagnuiaiuuin 1xixl gnuaiaufiung 911w 2 Fusio 1 fhethe) Tnous
avneazuAnLavITa 3 ndnvasieglusiusauiuiieldlunismageu TnawnIeuiiong
MeuNULUUdNUABnauYysal (Randomized complete block designs: RCBD) Hnageuazli
Azuuuseaxsulagld 9-point hedonic scale (1 = lsiwauunniian, 2 = lsiweuun, 3 = il
wauUunang, 4 = liveulantes, 5 = 1ag9), 6 = WBULANURY, 7 = ¥aUUIUNANY, 8 = VB
17N wag 9 = veuuniian) ludu ndy, &, savnd, wazanuveulagsin vesdaoeslusiu

DALY

3.2.6 NMSAATITUNIIEDA
AATILVINANTNAGBUNTTEUTUTDIRUI INAYRR I 19 lUSAUS ALY fEN15ILATIEN
AukUSUSIU (Analysis of Variance) aziU3 s uifisuA1Lad 1835 Duncan’s New
Multiple Range Test (DMRT) (o = 0.05) laalg lusunsu SPSS version 22 (SPSS Inc.,
Chicago, IL, USA) S109LAT 18NN USTEMINIANY0ULaLF108 19l USAUSALYIY Al
Multivariate Statistics lawn Hierarchical Cluster Analysis (HCA) #1875 ward’s method
Wag Principal component analysis (PCA) Lagn1suannalugy Heat map 371U HCA 71

TIAS1EA M 2187T 5 Pearson’s correlation 1agld lUusunsy MetaboAnalyst 4.0

(https://www.metaboanalyst.ca)
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unng

NaN1528LazaNUIuHa

4.1 nMsaaTzesAusznauludieEig
4.1.1 NMINTPUADE19ANEA
aanaildiunsainieu drullelidnuuriluuaziay wendruldensanainiilelaein

wazrdsanvassBlnlauainiaiduiaiuszann 30 Auiing 1 Wi aznundulasnuaziile

13 (% a

SuAnNSUAsUENNEVIATY AL SUARNAUNAELTUAA (NN 4.1A) daus9annfiadIntulin

U

Wwontduan 2 widl (0 wA 4.1B) dudenuaziiletidvasuliivdsududen e GRT VALY

a &

Qll A o a . . P . v o a
n13anUasuddudn19191in91NN15 oxidation YoanIReilu tyrosine aulaluansiuaniiu
(melanin) Fadidnwaugdsingadude §191nn15n5993A518RU3un0 tyrosine vasssaanUng
USunad 31.46 fadn3usio 100 n$u nalnnistisinujizeteendindursinsnesiily tyrosine

(% 1

LARIAININT 4.2 tyrosine Tudiog19a39a1a7 liiunsaInduiaiueinia agiaufisen

a o a [ Aaa o = @ O A o 2PN
99NTLAYULUA UL UATLUAUUNUEA QuuGUUG]EJ‘Uﬂ']ia'JﬂﬁNLﬂumu@@uwaqﬂml,wE]ELVTLﬂ@ﬂ’ﬁ

\duan1maed tyrosine wagduginisiinasiaudsdidanla

A 4.1 Snvarusnguesinaainlidiiunisain (A) way mendwunsainlulisen 2 uni ()
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And 4.2 nalnnsiin oxidation ves Tyrosine waglanandndy melanin

w1 : (Gandham, R.,2015)

4.1.2 M5AATITRUSHIUNYRIEISUSENOUKEAN (proximate analysis)

USUIUYRIANTOIMINENVDIRAARANIAINTIAN 4.1 3 ndruniusinalavianunves

a

Frsang (msiaduFonuanile) Susinalasugeiian $osas 20.65) audsuIualusiu
($ovag 7.49) uararilulawnsn ($evay 2.65) nuddu druilevesisagnuuiinaauiy
lustu A9lulawnsn uasidrgenidiuuden fftssuiinalusiusiduiinulududongand
[evesnsang uazileifleuiinamsemstuundsensdug taundsormsandniuagiy
(M31971 4.2) FUmadlusfuganduvaseinsandmifiteminuuiion wu wileld (evy 1o
Hovan uazdminzianieg uidivsinalafulndifestududes Gosay 18.70) SUSunalusiu
wazanslulawmsalidgeannin Inedvinalndifesiuresuuadg (Sevay 8.1 uag 3.1 AuE1siv)
uaztiloifigufudnisinnuuasiduuvasemsvosuyuditu dnudlny wagdreluszeysoou
wui FrsengiiuTinalusiutoniwsiuiunaluiuinnd weltansaishaglunyssy
Ippghaiuseavnm Jamsfnyfesiusenauresmiisgos veeansaImMnseIe 1 ¥inveense

losiu waznsaaziilu faly



M990 4.1 NaNINAFOUUTINRIENTOWNINANYRIANEAdIUFeN L warduuslaale
‘U%@J']mﬁ'ﬁﬁﬂﬁ/ﬁi %faﬂas%aaﬁa'ﬁma %’a’aawm ‘U?mm
(nSumadinuslaale 100 n5u) (nSusa 100 NSY) WesU fisnene
$9NYAIT ASLATU
lasumaTu? (nFumaiu)’?
waen o | dwuslaald | wien il
A 2717 | 4131 68.47 | 7017 67.40 - -
g 6.81 13.84 2065 | 17.60 22.58 20-35 40-70
TUshu 4.39 311 749 | 1133 507 10-35 45-158
Astulawnsm 0.00 2.65 2.65 0.01 4.32 45-65 203-293
W 0.34 0.39 0.73 0.89 0.63 - -
s | 3872 | 61.28 100.00 | 100.00 |  100.00

Ldwuslnalafe dudenuayiile (Fadrwiiuayldosn)
2 |nstitute of medicine, 2005

> AMUINAINNEIUN VLA 1,800 AlakAass
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YSuease1ms (nSusia 100 nSw)

1 Togiu TUsAu aslulansa Tooms LN

13819 68.47 20.65 7.49 2.65 - 0.73
AnuA L 69.90 8.30 14.70 4.70 1.20 2.40
fne | Szuzieau 72.80 6.80 14.80 4.80 0.60 0.80
SRRVRHEES 12.00 1.10 6.20 80.40 0.60 0.30
ERARLY 69.70 6.70 13.50 8.80 0.30 1.30
fuden () 11.50 1.30 23.40 60.30 4.30 3.50
funs (@v) 14.20 1.20 22.40 58.00 4.30 4.20
i (u) 9.30 1.60 23.80 61.80 4.60 3.50
fhaas () 11.40 38.70 29.70 17.70 2.10 2.50
fundes (Gu) 11.10 18.70 34.00 31.40 4.70 4.80
TPEEE 85.50 3.10 2.40 8.60 0.00 0.40
e (Wraaeslsd) 89.10 3.50 3.30 3.40 - 0.70
uala (UHT) 88.00 3.90 2.30 4.10 - 0.70
TalA 73.50 11.70 12.30 1.40 - 1.10
el (am) 69.50 9.70 19.50 0.00 - 1.30
et (@) 69.50 4.80 20.30 2.30 - 3.10
Lﬁam (@n) 75.80 3.30 19.60 0.00 - 4.40
Uanu (an) 72.50 1.20 24.80 0.00 - 1.50
Lﬁaﬁaqmﬁw 80.30 1.30 20.10 0.00 - 0.40
Ui 80.10 1.50 16.20 0.10 - 2.10
VOB 85.50 0.90 8.10 3.10 - 2.40

1 : AnuUaganann 9]’]5’1\‘1LL’d(ﬂ\‘iﬂMﬁ’WINIﬂsUu’Wﬂ’]isU’eN’eJ’]‘Vi’ﬁVLVIEJ naalATUINg NTURUINY

http://nutrition.anamai.moph.go.th/images/file/nutritive_values_of thai foods.pdf




24

4.1.3 mMsaasivdauasUsununsaluiy

9NAI597 4.3 WU'jwﬁmaaaﬂﬁﬂizﬂauﬂsmlmﬁuiuﬁaqm@ﬁﬁiudaumﬁaﬂLLa::Ei';uLﬂfa
Tawn SFA 6 a@in (lauric, myristic, palmitic, heptadecanoic, stearic, arachidic, behenic) MUFA
4 w1 a (myristoleic, palmitoic, elaidic, oleic) Way PUFA 2 1@ (linoleic, linolenic) gnLIU
heptadecanoic acid ﬁwmﬁaﬂudamﬁaﬁwu%ﬁwaz 0.01 YBIUIUUAITDINT

yonaniluduiedmurdavesnselutulddusidaiion (MUFA) wnnninduden
Fansalvurdediusslonisesaniofe Tawanusunar LDL Aduluturdndildfluseniouas
FrefuUsina HOL e dulasiurdaiinnesiesnie uazdmunsa Oleic TuuSunannnin uasdl
UsunauladunsiuddesningiuUdonauiu

psAnseusielanuazantunisunnduwisanizewinliuuginunaluiuiiaasléu
siofu 40 fa 70 n¥u Tnelutedlnaifiony 19 3 Tuly mslédutimunsaluulidududsdou
(PUFA) ¥din linoleic 14 14 17 nFuaaiu luiweawiy way 11 89 12 nSuaeiulumwangs dmsu
nsmlusiu linolenic 1.6 n¥udedulumanie uay 1.1 nfuseiulumands 1iosaindsanad
Usunadledugs nsuslaaseang 200 niuaglasuladiud3unam 41.3 nfu egrslshimud3unanse
lusfulsidudadou (PUFA) wila linoleic wag linolenic lusdsanaiiuiinmsi 91naseil 4.3
wunsuslaaneeang 100 n3uaslasuusunansaludu linoleic uag linolenic tiiga 0.047 waz
0.004 n3avindu uena1nd wese vsumdvwazaay (2561) Selduuzilrsudsenunsalusiu
Townn-6 uag -3 lushdwiaunaiiesslomideszuuilauasnsmyuidoulaiin Ingily
sumefeansnsalusiulewin-e wnninsaledulowdn-3 lusnsidin 3: 1 895 11 3a
mnsumelasunsalutidew 6 snniAuly agsiliAamssnaulusienie Wunsingnguiu
Younanden wasiiuanudsslsavasndeniilald a5 4.4 Shsrduvesnsaluiulow
n1-6 uay -3 vasdsanaliaUsrana 6 AufudamsegnsBaiiaruslaansaluifuninuvaiemnsiu
eileliiileamesonnudesnmuarlésunsaluiulusasdndiauna Ruair Robertson (2017)
nandsludvenialuiulowin-9 Nlauaudineaiunisiauvedew -3 uay -6 Wla
fodunsalutuiisniuresane awnsaadisliesdusnme Wesanedivsinamedewdn -3
waz -6 Lifigene aztlowdn -9 wildifiowasun1svinaueessrsniedsausanulaaluly

219115 A9l USUUTUANNT19N18AT RS URE1LUTR
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M19199 4.3 wiauazUsunaeinsaludu (SFA, MUFA, PUFA) TudiuuGenuaviilorasiieng

USU1a15019173 Hadnusiandu Sovay

(nSusoduuslnala 100 n3w) Tasfustanan UYDIAITOINS

Waen | e | dwuslaeld | wWien | e | wWhen | e
ﬂiﬂlﬂﬁuéuﬁﬂ (SFA) 0.538 | 1.406 1.944 26.065 | 68.078 | 7.900 | 10.160
lauric C12:.0 0.001 0.003 0.004 0.066 0.134 | 0.020 | 0.020
myristic C14:0 0.025 | 0.054 0.079 1.221 2.613 | 0.370 | 0.390
palmitic C16:0 0.487 1.288 1.775 23558 | 62.383 | 7.140 9.310
heptadecanoic | C17:0 0.000 | 0.001 0.001 0.000 0.067 | 0.000 | 0.010
stearic C18:0 0.020 | 0.051 0.072 0.990 2.479 | 0.300 | 0.370
arachidic C20:0 0.003 0.007 0.010 0.165 0.335 | 0.050 0.050
behenic C22:0 0.001 0.001 0.003 0.066 0.067 | 0.020 0.010
nsalusiulaiBudnfafes (MUFA) 0.570 | 1.506 2076 | 27.616 | 72.903 | 8.370 | 10.880
myristoleic c14:1 0.001 0.001 0.002 0.033 0.067 | 0.010 0.010
palmitoleic C16:1 0.106 0.209 0.315 5.114 | 10.118 | 1.550 1.510
elaidic C18:1, trans 0.001 0.003 0.004 0.066 0.134 | 0.020 0.020
oleic C181 w—9 0.463 1.292 1.755 22.403 | 62.584 | 6.790 9.340
nanlusfulsiduiaBedou (PUFA) 0.029 | 0.055 0.085 1.419 | 2.680 | 0.430 | 0.400
linoleic C182, w—6 0.025 0.047 0.072 1.221 2.278 | 0.370 0.340
linolenic C18:3, ALA, w — 3 0.004 0.008 0.012 0.198 0.402 | 0.060 0.060
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A1519% 4.4 émimLLaw%m'1mﬁuaaﬂiﬂiﬁuﬂuhiﬁuﬁﬂuﬁ’;ul,ﬂﬁaﬂLLazLﬁasuaaéham@

Usinaanse s @adnfusiodi | fadnfudensuledu | USunaansenms
uslaala 100 nsu) e (T1adn$1/100n3w)
wWaen deo | dwuslaald | wWien \ile wWaen \ile
ﬂiﬂlﬂlﬁul&iguﬁ’l 599.62 | 1560.94 2160.56 29.03 75.58 | 8800.00 | 11280.00
lusiunsud 1.36 2.77 4.13 0.07 0.13 20.00 20.00
w—3 4.19 7.71 11.91 0.20 0.37 61.55 55.74
w—=6 25.13 47.54 72.67 1.22 2.30 368.82 34352
w—=9 462.70 | 1292.31 1755.01 22.40 62.58 | 6790.59 | 9338.78
w—6 600 | 616 6.10
w—3

4.1.4 NM5IATITvEAkazUSUNUNSAB LY
Ql' L2 C% ¥ o VYo a % = % o

1NA19199 4.1 aapniseusislantawusilrsudsemulusiuiuag 45 89 158 N (Al
NNENUNMUA 1,800 Alauaasideiu) Fanndeenisusinacnaadalusunalusiu 7.49
n3usie 100 n3u Wildusualusiuniisamesoiu dosuslaanisaiguinnil 600 nsugadu
YSuauniunn Femsuilaalusiuainuuasdusiuie wu 61 Yaiu In deivTunalussiu
111171 20 NSUMD 100 NSY

a a a v [} P a o [~ = <

yiauazUSuveINIneilureweang wanaianis1en 4.5 lnenunsnesiludndugady
nsneedlunseneldaunsadunsizils 8 ¥fim bwwn threonine, valine, isoleucine, leucine,
phenylalanine, histidine, lysine, waz tryptophan d4nsnaziilusniuynadanuuinlugiu

= ! 1 dy 1 a 1 dy a ¥ a a
Wasnunnndiuile Taglinunsaeziily tryptophan luduiilednaie lavrtnveinsneziily

' v
] U

Juduinuanniigavsludiuldanuaziilofs lysine, leucine wag valine ¥38U3u1ay 7.00, 9.02
waz 5.17 fadnsuransulusiu mudisu asrniseunielanlawuziniinusununsaesilusndy
lysine, leucine uag valine imislasuluieglve fie 45, 59 uay 39 fadnsudensulusiu &9
= 1 gj 1 & 1 dy v I3 1 =S o I Ao I o A A

fodmsdulfenuazdiutlenagidunrasainsnesiludnduisuaz dududeniiiaulaly

n1sdnuslansuduwadlsaud ue ludiuveinsnosdluf nuuInigavednieaie Ao
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a

glutamic acid (101.53 fiadnsuse 100 n5N) Fadunsaezilunludniu lnensnosiilusindlil

inwaiziAufe YIeliusavIRnaundeu vse guniilviioms mnemmsusenauslenineiluvile

o

Jaununnazynlrevnsvistuilsasannaundeunaresostuy Weawusuunsaazilusndu

13 ginAe lysine, leucine wag valine uUIsuisUAUUSINUTUANTNNEAs IS UluLAay

g&

TuanAuuzdwesesdniseudilan (WHO) nuiludwanaivinadesnitemnsuilngus fa
wanslums199l 4.6 fadu msuslaansaaaiudivetmsyidad uiiainusununsaesily

FndulieanasasanIgnua WHO wuzii

M13197 4.5 silawazUTunuvensneziily ludiuildenuasiilorasnieaie

Usinaansewns (adndusiediy | deandusendulusiustommn USNaUANTD1MNS
uslaala 100 nsw) (Hadn3u/100n3%)

Waen e duvilaale | Wien e U wWaen e
nsnaziludndu 196.60 | 73.83 270.43 26.23 9.85 36.08 4481.36 | 2376.47
Threonine 22.96 6.63 29.58 3.06 0.88 3.94 523.26 213.38
Valine 30.03 8.70 38.74 4.01 1.16 5.17 684.61 280.11
Isoleucine 26.40 7.05 33.44 3.52 0.94 4.46 601.7 226.8
Leucine 39.54 28.00 67.54 5.28 3.74 9.02 901.24 901.24
Phenylalanine 17.98 .77 25.75 2.40 1.04 3.44 409.87 250
Histidine 12.32 4.00 16.32 1.64 0.53 2.17 280.8 128.86
Lysine 40.79 11.68 52.48 5.44 1.56 7.00 929.88 376.08
Tryptophan 6.58 - 6.58 0.88 . 0.88 150 -
nsnazdlulidndu 294.22 | 86.33 380.56 39.26 11.52 50.78 6706.74 | 2778.76
Aspartic acid 48.45 14.18 62.63 6.46 1.89 8.35 1104.3 456.49
Serine 26.78 7.45 34.24 3.57 0.99 4.56 610.55 239.87
Glutamic acid 78.05 23.48 101.53 10.42 3.13 13.55 1779.15 755.6
Glycine 26.50 6.90 33.40 3.54 0.92 4.46 604.02 222.21
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Alanine 27.34 8.67 36.00 3.65 1.16 4.81 623.12 278.92
Tyrosine 23.69 777 31.46 3.16 1.04 4.20 540 250

Arginine 31.26 9.13 40.39 4.17 1.22 5.39 712.53 293.79
Proline 32.16 8.76 40.92 4.29 1.17 5.46 733.07 281.88

A15197 4.6 vllauazUSunameansaesiilusilu leucine, lysine wag Valine ¥8901%15

USunaunseeviily @aansy) Tu200n51019n3

leucine lysine valine
A9ER 135.08 104.96 77.48
fnue L 848.778 928.452 627.102
910 , Sr8EsaU 378.88 284.456 259
IMvoNNd 55.056 25.048 30.504
WWLndes 385.02 364.23 214.92
§uTen fu 878.904 761.904 700.596
wufvdes 9.168 7.44 4.656
ula (Waeslsd) 18.414 15.774 10.032
uila (UHT) 13.938 11.086 7.498
Tl 211.56 190.158 150.798
leld (am) 546.39 585.39 290.55
et @n) 575.708 686.506 395.038
Lﬁaﬁﬁd (@n) 620.928 580.16 343
Yih 233.604 280.908 176.904
VioBlIA] 82.944 96.552 56.7

dl L a 2 a
an : dandasnann sllanarUsunansaedlulueimisine

http://nutrition.anamai.moph.go.th/images/file/vlauazUsununsaailulusimisive.pdf



http://nutrition.anamai.moph.go.th/images/file/ชนิดและปริมาณกรดอมิโนในอาหารไทย.pdf
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4.2 AIBULAIBE19A9EA
INNTOURIAIAIEIRAI8TITN1T0ULAS 3 38 TauA nseulieluvansou n15oULaLUY
AYYINTA LAZNITOULILUULERNWISAYYINIA 91NA15197 4.6 NUTIANUTUTDIA R tudule

(Foway 70) dAraenindiuien (Sevay 60) wasliloNTUIAITREAZAUTUNUIIRIBENNIINS

a

auwimuuagaIn1Angaungll 80°C tuian 3 alus Invsanasvesaiosasainuduain 70.21 1Ju

U

0.27 Fadudanuuiisign wazidunsouwiiildantosiign

9

anvuzUIngresdldendaignousu sxlidmdeniy uukuily warazdoud dud

(% [
o Y =

WAATLTULAZNTOUMENAINITOUT 3 35 (115199 4.7) wazduiileveneang dnwazdunsuwan

[

dndesgeu (13197 4.8) Inamendiniseulaiale Wedianaiiouiuvauseusaswuugaanagad

o

[ 1% 1 (%) 1 o & v k4 Y [ A o
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ANTUNSIDULTU 0.20 Fepign Feoratiiosunanniseunisnieldagyeinimiliuiszineeonlils

q q

FFININTeURiLUUaNSau druniseuwiuiiosiaguuuienudadgyinie winendiniseuils

1%
[y

Y a 3 = s o i ] axa | 19 PRI
ANTUANWULLUUNIAZLDEA UEFUIRIADBUNIINITOUITBY LLWLUENG\]']ﬂI%LUaWIUﬂqigUUWULLagﬂJ?"I’ﬂﬂﬁﬂﬂ

v = A

E2N v ‘ﬂl v v ~ &
a9 AnzRIdpILdenmseuwRRULgINAdieldlue Uit aitenisuUssUTuduselY



M19197 4.7 UmtinuazA13eeazANNTUYRIN AN LLAE NAIDY

30

$F0E14 DU A4N172N159U i (n3u) AdasarALTL
NOUOY | NA99U | NOUBU | Na99U
duddon | wuvanieu 80°C 3 4alua | 2011 | 5.47 7021 | 1.35
80°C 5 GEIL’JIEN 10.34 2.66 70.21 0.93
LUUERYRINA 70°C 5 4lue | 10.20 | 2.55 7021 | 0.63
80°C 3 SEJL’JI?,N 20.16 5.93 70.21 0.27
wuuBonudsgeyeyinie | -40°C 24 Falue | 9.90 3.58 7021 [ 1.94
dile WUUaNTaUY 80°C 3 47lua | 5012|2045 | 60.64 | 2.69
80°C 5 %I’JIM 20.49 11.05 60.64 1.17
LUURRYR NP 70°C 5 4lua | 2056 | 6.57 60.64 | 0.49
80°C 3 %I’JIM 50.66 17.04 60.64 0.20
wuuBonudsgeyeyinie | -40°C 24 Flus | 2077 | 8.29 60.64 | 0.88




M13197 4.8 AnvazUTnguesduUdendnannouLaznaiey

DU ANNEANTOU | NOUBU NAI0U
wuvanseu 80°C 3 Flu
80°C 5 Halug
wuuaInid | 70°C 5 Flug
80°C 3 4luq
wuuiBenuds | -40°C 24 4luq

GRIAMGRG
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DU An1en15au AU NaIDU
wUUALS U 80°C 3 ¥4
80°C 5 ¥alug
WU 70°C 5 9l
eyeyIne
80°C 3 Fla
WUULERNLTY | -40°C 24 Tl

GRIAAGRG
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unil 5
ayun1sidsuasdaiauauus
5.1 a5Unan133Y

INNANITATITBIAYTENBUMNELNTUINITVRIAMa AU TUTINaluiugeiign wardaduwmas

yaansalasiuludududader (MUFA) mdulseleminesianiy sesasnmelusiu lnedodulnasemisn

[

Usznaumelusiu fellvinvesnsneriludndunvainvany uagdalusununsaeziiluvila Glutamic g

' o
v a o a LY

FaussduszneviiddyihlmAnsandeund du semeIadusudeniiiaulalunisunliamn
Huwndsomnsmadenluowaniifiusslesiiiludnilasunisuazsarfguiiivesomns Tgldins
puWILUVARYINAT 80 °C lunan 3 Halus axlsinaniseuiiniian sieludnuvesrdosasautiuuas
Snvnuzdng Snisanansnthgesusiudauvisiiinindu peanut butter Tusaverluntsmnaasld Tae
Taanpouwiadudusznovlulusiudawisiana 40.15 n¥u augnsdt 2 el edudauay
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3.1
32.
3.3.
34.
3.5.
3.6.
37.
38.
3.9.

3.10.
3.11.
3.12.
3.13.

3.14.

ANNEX

PART A
DETERMINATION OF AMINO ACIDS

Purpose and scope

This method is for the determination of free (synthetic and natural) and total (peptide bound and free)
amino acids in feedingstuffs, using an amino acid analyzer It is applicablc to the following amino
acids: cyst(e)ine, methionine, lysine, lhrcomne, alamne, arglmnc, aspartic acid, glutamic acid, glycine,
histidine, isoleucine, leucine, ph 1 serine, tyrosine and valine.

P

The method does not distinguish between the salts of amino acids and it cannot differentiate between
D and L forms of amino acids. It is not valid for the determination of tryy or hydroxy

analogues of amino acids.

h
P

Principle
Free amino acids

The free amino acids are extracted with diluted hydrochloric acid. Coextracted nitrogenous
mac lecules are precipitated with sulfosalicylic acid and removed by filtration. The filtered
solution is adjusted to pH 2,20. The amino acids are separated by ion exchange chromatography and
determined by reaction with ninhydrin with photometric detection at 570 nm.

Total amino acids

The procedure chosen depends on the amino acids under investigation. Cyst(e)ine and methionine
must be oxidised to cysteic acid and methionine sulphone respectively prior to hydrolysis Tyrosinc
must be determined in hydrolysates of unoxidized samples. All lhe other ammo acids listed in

paragraph 1 can be determined in either the oxidised or idi P
Oxidation is performed at 0 °C with a performic acid/phenol mi Excess oxidati is
decomposed with sodium disulphite. The oxidised or idised sample is hydrolys«.d with

hydrochloric acid (c=6 mol/l) for 23 hours. The hydrolysate is adjusted to pH 2,20. The amino acids
are separated by ion exchange chromatography and determined by reaction with ninhydrin using
photometric detection at 570 nm (440 nm for proline).

Reagents

Double distilled water or water of equivalent quality must be used (conductivity < 10 uS).
Hydrogen peroxide, w = 30 %.

Formic acid, w = 98-100 %.

Phenol.

Sodium disulfite.

Sodium hydroxide.

5-Sulfosalicylic acid dihydrate.

Hydrochloric acid, density approximately 1,18 g/ml.

tri-Sodium citrate dihydrate.

2,2"-Thiodicthanol (thiodiglycol).

Sodium chloride.

Ninhydrin.

Light petroleum, boiling range 40-60 °C.

Norleucine, or other compound suitable for use as internal standard.

Nitrogen gas (< 10 ppm oxygen).
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3.15.  1-Octanol.

3.16. Amino acids.

3.16.1. Standard substances listed under paragraph 1. Pure compounds containing no water of crystallisation.
Dry under vacuum over P,O; or H,SO, for 1 week prior to use.

3.16.2. Cysteic acid.

3.16.3. Methionine sulphone.

3.17.  Sodium hydroxide solution, ¢ = 7,5 mol/I:
Dissolve 300 g NaOH (3.5) in water and make up to 1 litre.

3.18.  Sodium hydroxide solution, ¢ = 1 mol/l:
Dissolve 40 g NaOH (3.5) in water and make up to 1 litre.

3.19.  Formic acid-phenol solution:
Mix 889 g formic acid (3.2) with 111 g water and add 4,73 g phenol (3.3).

3.20. Hydrolysis mixture, ¢ = 6 mol HCI/l containing 1 g phenol/l:
Add 1 g phenol (3.3) to 492 ml HCI (3.7) and make up to 1 litre with water.

3.21.  Extraction mixture, ¢ = 0,1 mol HCI/l containing 2 % thiodiglycol:
Take 8,2 ml HCI (3.7), dilute with approximately 900 ml water, add 20 ml thiodiglycol (3.9) and make
up to 1 litre with water, (do not mix 3.7 and 3.9 directly).

3.22.  S5-Sulfosalicylic acid, 8 = 6 %:
Dissolve 60 g S-sulfosalicylic acid (3.6) in water and make up to 1 litre with water.

3.23.  Oxidation mixture (Performic acid-phenol):
Mix 0,5 ml hydrogen peroxide (3.1) with 4.5 ml formic acid-phenol solution (3.19) in a small beaker.
Incubate at 20-30 °C for 1 hour in order to form performic acid, then cool on an ice-water bath (15
min) before adding to the sample.
Caution: Avoid contact with skin and wear protective clothing.

3.24. Citrate buffer, ¢ = 0,2 mol Na*/l, pH 2,20:
Dissolve 19,61 g sodium citrate (3.8), 5 ml thiodiglycol (3.9), 1 g phenol (3.3) and 16,50 ml HCI (3.7) in
approximately 800 ml water. Adjust pH to 2,20. Make up to 1 litre with water.

3.25.  Elution buffers, prepared according to conditions for the analyzer used (4.9).

3.26. Ninhydrin reagent, prepared according to conditions for the analyzer used (4.9).

3.27.  Standard solutions of amino acids. These solutions should be stored below 5 °C.

3.27.1. Stock standard solution of amino acids (3.16.1). ¢ = 2,5 umol/ml of each in hydrochloric acid. May be
obtained commercially.

3.27.2. Stock standard solution of cysteic acid and methionine sulphone, ¢ = 1,25 umol/ml.
Dissolve 0,2115 g cysteic acid (3.16.2) and 0,2265 g methionine sulphone (3.16.3) in citrate buffer
(3.24) in a 1 litre graduated flask and make up to mark with citrate buffer. Store below 5 °C for not
more than 12 months. This solution is not used if the stock standard solution (3.27.1) contains cysteic
acid and methionine sulphone.

3.27.3. Stock standard solution of the internal standard e.g. norleucine, ¢ = 20 umol/ml.
Dissolve 0,6560 g norleucine (3.13) in citrate buffer (3.24) in a graduated flask and make up to 250 ml
with citrate buffer. Store below 5°C for no more than 6 months.

3.27.4. Calibration solution of lard amino acids for use with hydrolysates, ¢ = 5 nmol/50 ul of cysteic

acid and methionine sulphone and ¢ = 10 nmol/50 ul of the other amino acids.
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In this case add 2,00 ml of the internal stock standard solution (3.27.3) to the hydrolysate before the
evaporation.

Add 2 drops of 1-octanol (3.15) to the hydrolysate obtained in accordance with paragraph 5.3.2.3 or
53.24.

Using a rotary evaporator (4.7) reduce the volume to 5-10 ml under vacuum at 40 °C. If the volume is
accidentally reduced to less than 5 ml the hydrolysate must be discarded and the analysis
recommenced.

Adjust the pH to 2,20 with sodium hydroxide solution (3.18) and proceed to paragraph 5.3.4.

For all other Amino Acid Analyzers (4.9)

Take the hydrolysates obtained in accordance with 5.3.2.3 or 5.3.2.4 and partly neutralise them by
carefully adding with stirring, 17 ml of sodium hydroxide solution (3.17), ensuring that the
temperature is kept below 40 °C.

Adjust the pH to 2,20 at room p using sodium hydroxide solution (3.17) and finally sodium
hydroxide solution (3.18). Proceed to 5.3.4.

Sample solution for chromatography

Quantitatively transfer the pH adjusted hydrolysate (5.3.3.1 or 5.3.3.2) with citrate buffer (3.24) to a 200
ml graduated flask, and make up to the mark with buffer (3.24).

If an internal standard has not already been used, add 2,00 ml of internal stadard (3.27.3) and make up
to the mark with citrate buffer (3.24). Mix thoroughly.

Proceed to the chromatography step (5.4).

If the sample solutions are not being examined the same day they must be stored below 5 °C.
Chromatography

Before chromatography bring the extract (5.2) or hydrolysate (5.3.4) to room temperature. Shake the
mixture and filter a suitable amount through a 0,2 um membrane filter (4.5). The resulting clear
solution is subjected to ion exchange chromatography, using an amino acid analyzer (4.9).

The injection may be performed manually or automatically. It is important that the same quantity of
solution * 0,5 % is added to the column for the lysis of dards and ples except when an
internal standard is used, and that the sodium:amino acid ratios in the standard and sample solutions

are as similar as is practicable.

In general the frequency of calibration runs depends on the stability of the ninhydrin reagent and the
analytical system. The standard or sample is diluted with citrate buffer (3.24) to give a peak area of the
standard of 30-200 % of the sample amino acid peak area.

The chromatography of amino acids will vary slightly according to the type of analyzer employed and
resin used. The chosen system must be capable of separating the amino acids from each other and
from the ninhydrin-positive materials. In the range of operation the chromatographic system should
give a linear response to changes in the amounts of amino acids added to the column.

During the chromatography step the valley:peak height ratios mentioned below apply, when an
equimolar solution (of the amino acids being determined) is analyzed. This equimolar solution must
contain at least 30 % of the maximum load of each amino acid which can be accurately measured
with the amino acid analyser system (4.9).

For separation of threonine-serine the valley:peak height ratio of the lower of the two overlapping
amino acids on the chromatogram should not exceed 2:10 (if only cyst(e)ine, methionine, threonine
and lysine are determined, insufficient separation from adjoining peaks will adversely influence the
determination). For all other amino acids the separation must be better than 1:10.

The system must ensure that lysine is separated from ‘lysine artifacts’ and ornithine.

Calculation of results
The area of the sample and standard peaks is measured for each individual amino acid and the
amount, in g amino acid per kg sample, is calculated.

A x Ex MW x F

= g amino acid per kg sample
B x W x 1000 & B % 3

If an internal standard is used multiply by: g
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Dissolve 2,2 g sodium chloride (3.10) in 100 ml beaker with 30 ml citrate buffer (3,24). Add 4,00 ml
stock standard solution of amino acids (3.27.1), 4,00 ml stock standard solution of cysteic acid and
methionine sulphone (3.27.2) and 0,50 ml stock standard solution of internal standard (3.27.3) if used.
Adjust pH to 2,20 with sodium hydroxide (3.18).

Transfer quantitatively to a S0 ml graduated flask and make up to the mark with citrate buffer (3.24)
and mix.

Store below 5 °C for not more than 3 months.

See also observations 9.1.

Calibration solution of standard amino acids for use with hydrolysates prepared according to paragraph
5.3.3.1. and for use with extracts (5.2). The calibration solution is prepared according to 3.27.4 omitting
sodium chloride.

Store below 5 °C for not more than 3 months.

Apparatus
100 or 250 ml round bottomed flask fitted with a reflux condenser.

100 ml borosilicate glass bottle with screw cap with rubber/teflon liner (e.g. Duran, Schott) for use in
the oven.

Oven with forced ventilation and a temperature regulator with an accuracy better than * 2°C.
pH-meter (three decimal places).

Membrane filter (0,2 pn:).

Centrifuge.

Rotary vacuum evaporator.

Mechanical shaker or magnetic stirrer.

Amino acid analyzer or HPLC equipment with ion exchange column, device for ninhydrin, post
column derivatization and photometric detector.

The column is filled with sulfonated polystyrene resins capable of separating the amino acids from
each other and from other ninhydrin-positive materials. The flow in the buffer and ninhydrin lines is
provided by pumps having a flow stability of + 0,5 % in the period covering both the standard
calibration run and the analysis of the sample.

With some amino acid analyzers hydrolysis procedures can be used in which the hydrolysate has a
sodium concentration of ¢ = 0,8 mol/l and contains all the residual formic acid from the oxidation
step. Others do not give a satisfactory separation of certain amino acids if the hydrolysate contains
excess formic acid and/or high sodium ion conc: i In this case the volume of acid is reduced
by evaporation to approx. 5 ml after the hydrolysis and prior to pH adjustment. The evaporation
should be performed under vacuum at 40 °C maximum.

Procedure
Preparation of the sample

The sample is ground to pass through a 0,5 mm sieve. Samples high in moisture must be either
air-dried at a temperature not exceeding 50 °C or freeze dried prior to grinding. Samples with a high
fat content should be extracted with light petroleum (3.12) prior to grinding.

Determination of free amino acids in feedingstuffs and premixtures

Weigh to the nearest 0,2 mg an appropriate amount (1-5 g) of the prepared sample (5.1), into a conical
flask and add 100,0 ml of extraction mixture (3.21). Shake the mixture for 60 min using a mechanical
shaker or a magnetic stirrer (4.8). Allow the sediment to settle and pipette 10,0 ml of the supernatant
solution into a 100 ml beaker.
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5323,

5324,

5.33.0.

Add 5,0 ml of sulfosalicylic acid solution (3.22), with stirring and continue to stir with the aid of

ic stirrer for 5 mi . Filter or centrifuge the supernatant in order to remove any precipitate.
Place 10,0 ml of the resulting solution into a 100 ml beaker and adjust the pH to 2,20 using sodium
hydroxide solution (3.18), transfer to a volumetric flask of appropriate volume using citrate buffer
(3.24), and make up to the mark with the buffer solution (3.24).

If an internal standard is being used add 1,00 ml of internal standard (3.27.3) for each 100 ml final
solution and make up to the mark with the buffer solution (3.24).

Proceed to the chromatography step according to paragraph 5.4.

If the extracts are not being examined the same day, they must be stored below 5°C.
Determination of total amino acids
Oxidation

Weigh to the nearest 0,2 mg from 0,1 to 1 g of the prepared sample (5.1) into:

— a 100 ml round-bottomed flask (4.1) for open hydrolysis (5.3.2.3) or,

— a 250 ml round-bottomed flask (4.1) if a low sodium concentration is required (5.3.3.1) or,
— a 100 ml bottle fitted with a screw cap (4.2), (for closed hydrolysis 5.3.2.4).

The weighed sample portion should have a nitrogen content of about 10 mg and a moisture content
not exceeding 100 mg.

Place the flask/bottle in an ice-water bath and cool to 0 °C, add § ml of oxidation mixture (3.23) and
mix using a glass spatula with a bent tip. Seal the flask/bottle containing the spatula with an air-tight
film, place the ice-water bath containing the sealed container in a refrigerator at 0 °C and leave for 16
hours. After 16 hours remove from the refrig and decompose the excess oxidation reagent by the
addition of 0,84 g of sodium disulfite (3.4).

Proceed to 5.3.2.1.

Hydrolysis
Hydrolysis of oxidised samples

To the oxidised sample prepared according to 5.3.1 add 25 ml of hydrolysis mixture (3.20) taking care
to wash down any sample residue adhering to the sides of the vessel and the spatula. Depending on
the hydrolysis procedure being used, proceed according to 5.3.2.3 or 5.3.24.

Hydrolysis of unoxidised samples

Weigh into either a 100 ml or a 250 ml round-bottom flask (4.1) or a 100 ml bottle fitted with a screw
cap (4.2), to the necarest 0,2 mg, from 0,1 to 1 g of the prepared sample (5.1). The weighed sample
portion should have a nitrogen content of about 10 mg. Carefully add 25 ml of hydrolysis mixture
(3.20) and mix with the ple. Proceed according to either 5.3.2.3 or 5.3.24.

Open hydrolysis

Add 3 glass beads to the mixture in the flask (prepared in accordance with 5.3.2.1 or 5.3.2.2) and boil
with continuous bubbling under reflux for 23 hours. On completion of hydrolysis, wash the condenser
down with § ml of citrate buffer (3.24). Disconnect the flask and cool it in an ice bath. Proceed
according to 5.3.3.

Closed hydrolysis

Place the bottle ining the prepared in accordance with 5.3.2.1 or 5.3.2.2 in an oven (4.3)
at 110 °C. During the first hour in order to prevent a build up of pressure (due to the evolution of
gaseous substances) and to avoid explosion, place the screw cap over the top of the vessel. Do not close
the vessel with the cap. After one hour close the vessel with the cap and leave in the oven (4.3) for 23
hours. On completion of hydrolysis, remove the bottle from the oven, carefully open the cap of the
bottle and place the bottle in an ice-water bath. Leave to cool.

Depending on the procedure for pH adjustment (5.3.3), quantitatively transfer the contents of the
bottle to a 250 ml beaker or a 250 ml round-bottom flask, using citrate buffer (3.24).

Proceed according to 5.3.3.

Adjustment of pH

Depending on the sodi 1 ¢ of the amino acid analyzer (4.9) proceed according to 5.3.3.1 or
5.33.2 for the pH adjustment.

For chromatographic systems (4.9) requiring a low sodium concentration:

It is advisable to use an internal stock standard solution (3.27.3) when amino acid analyzers requiring a
low sodium concentration are employed (when the acid volume has to be reduced).
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A = peak area, hydrolysate or extract
B = peak area, calibration standard solution
C = peak area, internal standard in hydrolysate or extract
D = peak area, internal standard, calibration standard solution

6.1.

1

MW = molecular weight of the amino acid being determined
E = concentration of standard in pwmol/ml
W = sample weight (g) (corrected to original weight if dried or defatted)

F = ml total hydrolysate (53.4) or ml calculated total dilution volume of extract (6.1).

Cystine and cysteine are both determined as cysteic acid in hydrolysates of oxidized sample, but
calculated as cystine (C;H,,N,0,S,, MW 240,30 by using MW 120,15 (= 0,5 x 240,30).

Methionine is determined as methionine sulphone in hydrolysates of oxidized sample, but calculated
as methionine by using MW of methionine: 149,21.

Added free methionine is determined after extraction as methionine, for the calculation the same MW
is used.

The total dilution volume of extracts (F) for determination of free amino acids (5.2) is calculated as
following:

(10 ml + 5Sml) S Vml
10 ml 10 ml

V = volume of final extract

F =100 ml x

Evaluation of the method

The method has been tested in an intercomparison made at m!cmauonal level in 1990 usmg four
different feedingstuffs (mixed pig feed, broiler comp c rate, premixture). The
results, after climination of outliers, of mean and standard deviation are given in the table below:

Means in g/kg

Amino acid
Reference Material

Threoni Cyst(e Mcthioni Lysine

Mixed pig feed 6,94 3,01 3,27 9,55
n=15 n=17 n=17 n=13

Broiler compound 931 392 5,08 13,93
n=16 n=18 n=18 n=16

Protein concentrate 2232 5,06 12,01 47,74
n=16 n=17 n=17 n=15

Premixture 58,42 — 90,21 98,03
n=16 n=16 n=16

n=number of participating laboratories
Repeatability

The repeatability expressed as ‘within laboratory standard deviation’ of the above mentioned
intercomparison is given in the tables below:
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Within laboratory standard deviation (S) in g/kg

Amino acid
Th Cyst(e)i Methi Lysine
Mixed pig feed 0,13 0,10 0,11 0,26
n=15 n=17 n=17 n=13
Broiler compound 0,20 0,11 0,16 0,28
n=16 n=18 n=18 n=16
Protein concentrate 0,48 0,13 0,27 0,99
n=16 n=17 n=17 n=15
Premixture 1,30 —_ 2,19 2,06
n=16 n=16 n=16
n=number of participating laboratories
Coefficient of variation (%) for within laboratory standard deviation (S)
Amino acid
Th Cyst(e)i Methi Lysine
Mixed pig feed 1,9 33 34 28
n=15 n=17 n=17 n=13
Broiler compound 2,1 28 3,1 2,1
n=16 n=18 n=18 n=16
Protein concentrate 27 26 22 24
n=16 n=17 n=17 n=15
Premixture 22 — 24 2,1
n=16 n=16 n=16

n=number of participating laboratories

Reproducibility

The results for between laboratory standard deviation by the above mentioned

given in the table below:

Between laboratory standard deviation (S,) in g/kg

intercomparison are

Amino acid
Ref ¢ 1

Th Cyst(e)i Methi Lysine

Mixed pig feed 0,28 0,30 0,23 0,30
n=15 n=17 n=17 n=13

Broiler compound 0,48 0,34 0,55 0,75
n=16 n=18 n=18 n=16

Protein concentrate 0,85 0,62 1,57 1,24
n=16 n=17 n=17 n=15

Premixture 2,49 —_ 6,20 6,62
n=16 n=16 n=16

n=number of participating laboratories
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