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(Methods of Cleaning)

Organic (carbon) residues Chromic acid
Grease Rinse with acetone
Permanganate stains Equal portion of 3% sulphuric acid and 3%

hydrogen peroxide

Iron stains One-part hydrochloric acid and one part water
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ssesssis 4.9.9-9

1. Which of the following safety rules is not written correctly?
a. Add acid slowly to water, with slow swirling.
b. Use a pipette filler or an aspirator when pipetting chemicals
c. Fill a burette above eye level to avoid any splash to the eye or face.
d. Don proper Personal Protective Equipment (PPE) at all times in the laboratory.

9. iimumMIANIRM N AMIMYIS :yWwAMIB B s{iviai 2
A. vigumaau§oyh 9 19nkdatmhywiamivinuda
2. P NURUSA gzu*mﬁuéwﬁﬁﬁﬁﬁ ishnuybuhianim
a. GinmGiafiladatan B ahamits Ghuun';fﬁﬁ yye

w. UTIMININIES (PPE) M SIRvEiAUnuinisiahu§ifiianss
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2. Which of the following steps should NOT be performed when handling chemicals

and reagents?
a. Return excess reagents back to the reagent bottles.

b. Check the safety data sheet of the chemicals before their usage.
c. Wear laboratory coat and gloves when weighing chemicals and reagents.
d. Replace bottle tops immediately after the required amount of chemicals and
reagents have been dispensed.

v, sinumsaimeywamituBsaniisinuibamhraimaas Shanimauing
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2. i8njuindsSwaiimnisanimaAdysinuifimar

A, mAmi Shipnuidedifionns islinugh mmﬁﬁ&"f Suanimauing

W. [PURBURUMYY Ugmmmmnmmmﬁ,%ﬁ §hm1mﬁ,mﬁﬁ§m1’msﬁumwﬁ;m
3.  Which of the following statements about the analytical balance is TRUE?

a. Itis used without the need for a draft shield.

b. Itis not suitable for weighing liquid samples.

c. It has readability that can range between 0.1mg and 0.01mg.
d. It offers a lower degree of precision as compared with the top-loading balance.

m. iy adimuis:ywamBepivm st diima?
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2. NS AR UMIGHAMANTGY
A. NS B RM NN SIRUMTHSTIZ 25 0.1mg §4 0.01mg*
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4. Which of the following GHS pictogram indicates that a chemical can cause skin
corrosion’?

G. thfucm GHS mmmﬁﬁwmmmummm ﬁﬂimﬁﬁdmui}mnﬂi?dmﬂnm{]n ?
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5. Which of the record, A or B, shows the recommended way to correct an error in a
laboratory record for documenting titration results?

¢ RANNGIM A U B ywamuinmiidiiuasinnsiifigindnmuakanndimes
DianES U UMIAR]M U §RIUHIMAY ?

o

Titration No | Final burette Initial burette vol of Average
volume(ml) volume (ml) iodine used | volume of
(ml) iodine (ml)
1 5.20 ml 0.00 ml 5.20 ml
2 11.40 ml
5.15 ml
3 15.50 ml 10.20 ml 5.30ml
Record A
Titration No | Final burette Initial burette vol of Average
volume(ml) volume (ml) iodine used | volume of
(ml) iodine (ml)
1 5.20 ml 0.00 ml 5.20 ml
11.40 ml 520-m15.15 ml
2 -
 Xum _ 15/1/14
3 15.50 ml 10.20 ml 5.30 ml
Record B

¢AM9H



Answer Key 5.1.1-1

1 c
2. a
3. ¢
4. d

5. Record B
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ssfanEne &.4.9 0 midisaginnussammsiesngs
(Acid Dissolution and Digestion)
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Suuigivnmathywihiniafuil W - mBmoE Shuigy 0,8 19IMBM
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[A1S HNO; JGRUY AW water bath U hot plate
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d.M.¢ wARMMAFEanhggiig)a Shugi)anitinsaihe yuikss
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&.m.o TegamyldNgAdJURANMNG RN WE0 °CY RAWRGISAIAMARH
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&.M 61 RTISATAMAG YEERYW HNOg IRUSAIMU IN ifgimeitheg

MstiE: Ahpyh T wie i wid{Rmasie : Whatman (No. 541)
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6.G.9.19 NURIAMANS [HiUigY ¢BUMORIS HNOs IRIUMSAIMY
280 §19B GRS HCIO. 1 Gitn:einmAIRY (ivigy & -908 M Uais
HNO; 849 - WE T U{z HCIO, (HNO; : HCIO, = 5:1)
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&.6.19.9 UigEIWIYRUAST 90 mL 50% HNO; 4 {Autaliuid: iyw
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¢.G.G.C RAWARUIGMARMTE WA AMAY IHIUTHANY W AN
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ssEnnane &.4.90-¢ muunsnssameass (Sample extraction)

= o A al a al o o 3a= A)
isanvfnfdnsamd asulupwidmnjuisammddimamoyihimigms
yuinnnismaraingg iwigngi afnffmsis: SHUApWIGIENUARIAMARINS

il tm’wmﬁwnm:mnmmﬁmqjimm fuﬁﬂLﬁﬁS Lﬂi’uﬁﬂ[‘ﬁigiﬁ RAQRMIRAWRNYINY

> B
n

L

fn

DRI IR EIw U UAN M A wIBm O amai fuﬁ.ﬂLn unuAMSIHGs R
i otawnpwismsmutanhismiman o umamu §ﬁ?ﬁan?mﬁﬂ
?ﬁmlﬁggﬁmszgﬁmsﬁuﬁm% MIUNURTEWHAMATANW (Solvent extraction) MIUNURITU
1Pt (Solid-phase extraction) MIUNUATN thﬁ?ﬁmLﬁg QUECHERS (quick, easy, cheap,

effective, rugged, and safe) U S{itununihtsifn aih (Solid-phase microextraction ) Snifie

9. SUNUATNIHRMATANLS ( Solvent extraction)

UNUAT WM AT W GHnuATSHRMANIAT ( Liquid-iquid extraction ) YIUNUATELS
HRmaTRSHn] (Solid-iquid extraction )

[2) 1

9.9 Liquid-liquid BExtraction

minuAwiimainwis: ANSANNITEN MBUNY LLE (liquid-iquid extraction)
MIUNUIUWARA (partiioning)BRiRIY gruthsiiismimais:AiAnigiamuiw:mimame
iwanHRD NIRRT SIWE U IRUTLTIS immiscible liquid
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9.9 Solid-liquid Extraction $ih [Iﬁ[ﬁ‘ZUﬁﬁLh fJIEJR (Soxhlet Extractor)

Soxhlet Extractors {it Sia I ¢iglsuinumiunumivuTh ini (solid-liquid extraction)
iRumnsupan:miigse qUAIAN Soxhlet TYM{HINSUMMARIUMAQRIMYY IaMATA[AT
MSAAGIFIAY Thimble ITWARR UAINNIUNUAY

Ruinigaamainwitunssancin:aupimshaisiganlimuuainniunua
Jouinmakjumninmy juirhs:imsfid wanimainwiiuinaghmainis

N\
4

QUAIAN Wwguisphnati duqeaglitunspiisigaaidissunnniunun
SunwismaimwmspyuERiu)igugh Thimbled AFarYMantSiaiRuY! (Sphon) 84
ifisigisinBaissymanisiahavnnniunun (yuigumoaiime) 9 Wiwishion
uAEarkmanigig AUIMS hERuRIgigighinin 6T vt amseh siphon ¢1913
pEsmsaIMEINWY  IwaiadancinisaimainwANUmun MR SIWN
un esiaanmgimwignSRuinwidinnaitug i asuiguiegiRuiRuanh
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1. MBUNURTMY SPE (Solid-Phase Extraction)

SPE Athutgniguiusnmadiguiuinsifimathhglis M tiunus
famant gl shwginsthaguigatsintiidions  yitnuae SPE Amoifans
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AAMA2AISYWSSRUIRT Iwminbwag Al ImA[YU (sorbent) yithwmitiyh
simaAtisiahalgh ihwiaimaAduing

SPE ppiosifimapiimutnnigwissprmimasama jsnsgos

u

o RASIMINMAINS
o UIRSAUNTYNRRMImEIS nmEIm U]

SPE (pimsuidaigiuShifimaatsphiidsionimys

e AN L U (Cartridge)

o US: (Disk)

NiaGEy (Pipette tip)

o US:IRUMSISED (96-well plate)

. mﬁﬁﬁ(gm)?ﬁ PRSI UMNHNEU (SPME, Solid-phase microextraction ) g%i@
Inga AR UY) SIPNURMHIBU (SBSE, stir bar sorbent extraction)

& ¢Nico

-
c— 0
o}
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Typical Syringe Barrel Cartridge Design

Syringe barrel

FIitS s

e SPE packing

Luer tip

Solid Phase Extraction Pipette Tip

Pipette tip

Sorbent

T

Holder

Typical SPE Disk Configuration

96-Well SPE Plate

IR ANIRAIU Y

mo miinig8uimamun

¢A1GY



SPME Syringe Assembly

Stainless steel rod Epoxy|

=——+|
o

Fiber Syringe needle Plunger Cap

Coated Stir Bar

Magnet

PDMS (Glass

SPE iR uiaS wen i sthiusasMA{F T (Cartridge )
istaksihimiuAug SPE misystunsiumss
9. MIUIR AR 20N (B {UUTSSPE
. MITARUMARIGHY (loading)
M. MANYINASPE (RAICM ST IMAIS)

G. MIRAWARYSINENUWA (Elution ) (s ismatm i
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Steps in SPE Process

u Symbol Legend
Sample Components
A .

Analyte(s) of interest

1 2 3 4 W = Weakly retained, undesired
matrix component(s)
X = Intermediate undesired
matrix component(s)
/ = Strongly retained undesired
matrix component(s)
ﬂZﬁAXA Z % Q% 2 “z % z % Solvents
% X Anﬂ'z'\ C = Conditioning solvent
W w D = Equilibration solvent
W w X L = Loadingsolvent
;}fx Iy R = Rinsing (washing) solvent
|_| M L‘;ﬂ E = FEluting solvent

m. Hfian{ay QUECHERS

QUEChERS i’nﬁﬁ\jimfﬁs fNfj Quick Easy Cheap Effective Rugged Safe i sSwh
109)$ MW 1A MIS[BRgMN Tyl Msaiimn ffian]6y QUECHERS JBUUSIHUNS
imannsmywdss wgisatiwsimimain]s Shinwipguphmirgiy (EAnonsEl

SAUAAGHGY QUEChERS RAGST Recovery ZRTRIINUTANUIMNGUGAntIiSMImAT

AlAgIRUAApRAIsunmASIgNY  sUiwmswuARghunUiRginsiantwss]
Oi acetonitrie §U uimmuﬁ‘t’usmmtmmgﬁﬁtﬁwismgmgw?mﬁ‘t’ﬁmﬁnnﬁﬂ NHGWHTE
sty WS AmUING y2a1s

v

g

03

5
o}
5 g
g
=
2

)

s:ionominftunsiad (9) dunsdo mutnunwiiETM (Satting Out
Extraction) 845UNS 1 dSPE (Dispersive Solid Phase Extraction ) Reuiau Sﬁ? X UNSHG
QNIMY:

9). Fhasnmatdumsmaegant 90 (MY

©). uigy 90 G0 Uz acetonitrile Shasddi(iITAMG)
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m). (AgjAgik

G). Uigy NaCl, Mgso4 §hfiSrubuier iR gfimnthas iyt pH

¢). (igjigih Shugno

wnmmwmjmsﬂmmmmm
[ou
IUNUABATYW

). (pggRRIgikiwnug $i uino
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o RUWARARET  ATUMOmA
w29
. GSGNUU[UqﬁmﬁmnHLan(equlvalent point) AMGSHIRUVTNANIS titrant 150U
MSUIgUUY AT (chemically  equivalent)i 1§ HUTH msmmmmﬁtmmtmfﬁmms
iSiaka I mAR]Y
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(8.9)

. 1804 (9)
G SYIURHAMAA(mol) =
gentnaia L)

GSSYUIURIHRMAA(mol) = V(L) x Ca (

v

molA)

W v MU N WRIH
m. MANNDAINUYGUSNTIRIUID ﬁ;nqwﬁthg&m:

2NN DRMBURN AN MIAAN AT N2V v ma[UARY

29100100 19,92 QﬁﬂUﬂﬁﬁﬁ?ﬁﬂUfiﬁ;ﬂjUﬁﬁqﬁf}j'ﬁkﬂi[}ﬂﬁSLmﬁﬁILmUmﬁmﬁHLmﬁﬁ
iwwistg  VEE AU 0.0E0OMIMW{MASMANSHUYIGAN
AgNO3(1689.87g/mol)

RIS

58 AgNOs = Viy(L) X € 4gn0,(mol/L)

— 9.00L x 0.0&800 mol AgNO3

= 0.900 mol AgNO;
e umnSHAIUAIMASMA(AgNo,) ITHHSIAMYIULS (2.9)

99€&.Gfl g AgNO3
mol AgNO3

= 0.900 mol AgNO; X = 99.6EGMN g AgNO3

gig: fgfijusyuwagatididhpiowmadmatss  99.600 (muithtw
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200N V.V BTN AN AW ATRE A RATIAG(HC &0 S0a [pim We.n9 S
DalSOIRUHARSD Ba(OH), AUNY 0.098M M RgiRGSoUMUIsUAnydw

IR UTURR (CatHiaBra0sS) HRMATRINANY AANIAUNUG S NRIUATH A6

islamimanimay 98lgnismijuHAfin Ba(OH), Grujsuanghyw VT

UISHIRIRRTAT(HC S

Ba(OH), + 2HCl - BaCl, + 2H,0

GSSYNIUR MIRJUHANS Ba(OH )2

mmolBa(OH),
mlL Ba(OH)Z

=VE.N9 mlBa(OH), x 0.0969M

al

S SYNIURH RRRTAT (HCD)
Ummol(HCI)

= (WEFMI9 x 0.09E0M) mmolBa(OH), X 9mmolBa(OH),
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ShadaRurmunins i SAilys
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HAmaUln! fu:

NaOH AUNU 0.1M

Phénolphtaléine

ialmanGan: 100ml )‘ .

m. miANaINRIUGR AN IM
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megadipur e amiagmigid adi Domict mulwusw 98 (A Domic 16384
0.9 {MiS Lactic acid a9 G{aIsFAT 1M1 IWIRAUA[EAM A Domic AANMMUAEA
I HINSAMNGEGE S AANMAY (Top quality) (HAJH <4°D), A{BAYEY (HAAINYE 4°D
S 7°D) BuG MBS URRMISGUNS (NE]728°D)
itaGipmaamuiw:&a 01N SigjnSudmijoaiimus
CHa-CHOH-COOH + NaOH — CHyCHOH-CO-ONa + Hz0
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HARHIRU AN IMAMGARMMAIY (%) WSSOI 0.12-0.16% 84

o

NSATYMY)Y 0.14%

m.o. Binhimi
- odaitham tomiginiiniman (nouigudnde 10mi)

- USA Phénolphtaléine 63;3 2191 3 BANAIFUG{AMYLW NaOH 1) FRNIIGMARNE YA
k

S EIME MWINUMSMIYINAN, o gAMsmaTHigimin et A

< [AhdnagGss m ik ,,

M.Y. (UgHRN SUMIANNS

o

JUBSALNUAUTRIANIARIRUNSARG At im 9

=403

Cnaon* Vnaonx 90.08 x100

Vsample

% Lactic acid =

Viaor = 1S {RIUAT NaOH (ml)
Craon = AUNUIUES NaOH
90.08 g/mol = MY UiS Lactate

Veampe = B128TAMATA A

. MAMNAIALS (I AR

ol

SRR MIANNIAM AR MIAT (Free Fatty Acid) 18RI SH{EM N

3

IwANIGRAAMN, [Ny SHAREMOIUAERAY (Lipase) ghAgRInAIBIANgnA
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MUIRNSIUAUHINEMET  Phénolphtaléined  &US Ay AT A{HTNSANRIAMBILS  MITHH{

1 al

HH KOH U NaOH (AN UATUMU ) I WHRM M FIN SN W& U WRITAARHR M nw

~—

al U ol

mmuistmagsipivsitupimmd giuspumdagmiss

e

nGgs

Die

AINRY WSAHATE

ANgIEN UIUR 1 My tTnang iR aTS o § A aiRainUs{ul (edible oil) A 0.6 mg NaOH/g

£

OSaggan  AMMIRANGIA  glycerides  iSInMphiB Uit AR M atthw

ORYMNIVAHA Y lipase Glycerides A SAH M umMywEnidumsinmsisgjm

Shmsmhnamishisi migsissdnsumomsiningsfuhwanidiiang

(I? R,COOH CH,OH
CH,0-C-R
o) :
I lipase
CI-IIO —— C-R, + 3H,0—> R,COOH + CHOH
CH,0— ?I: Rs; R;COOH CH,OH
o)

free fatty gylcerol
acid

mMitgjh 21 (Rancidity) ISBGR B mMINI gigiRifnigiuimangighia (Free Fatty
Acid) wmMifianfimu§ A am s N SHuMIsHUTINMATugenn Shngmn

ISMIHim AT (edibility of oil)

¢.9. Bighime

(%3

SO R AMARIRIHWAG S

RATAMA (M U Melt fat) G§8 5g 1glakiniimansnns 250ml
- Uch\U 50mi 18 freshly neutralized hot ethar‘wol

- USA Phénolphtaléine §§8 2191 3 HANA
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ANYU NaOH 1) ARAIGMO AN AIgAE 4
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G.U. (UgR SmIanns

< JUYSARNSUAUTNANH A RIRUBISARATAM

-

=403

(Cnaon* VNaoH)* 96.1

Vsample

% Lactic acid =

Viaor = 1S F{RIUAT NaOH (ml)
Chaort = AUNUIUES NaOH
90.08 g/mol = NS Lactate

Veampe = B128TAMATAA

&. mifnnammamvinsighdng:

MR RYWESSETINS Lactic acid, Succinic acid, Carbonic acid, 8§41 Sulfuric acid §8iusth
maatingd mUnmlinsEoms Formic acid (MSyAlMItighidwivma) §h Acetic acid
(nsyAimiviglihwman  Shmvighihwiving )1 maais:nsmimifngivimnn
inhiiogosshinuighmanuy ghamnidumpEsmsihsg! mams:Sanhatninds
iR euhen S Wil agt, Tartaric acid, glycerol, SRR

291NIAN 2 Acetic acid MIGUANANEANTSAANA MIURI{AN

e

vinanuismaauinhpinsuigisihmamimuiw:migadimw iUl
T AU A MR SIAMBIW:MIGHEMYW  NaOH 9 mimatuuisouinmi
vinnnanimginpiRuginstivmhwasmighugeandspimmaaivsghngh

FNIMIRUEY
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&.9. Bighime

AGntg 2 Omnmnmnimnmszummunm

yHRmRIM mmmsﬁm@mqsmu@ugs 25ml IIWOANGUTFIANE
uaiasiaaintiman

<G 9

- ﬁﬁ:t@“ﬁﬂjﬁﬂﬂﬁiﬂ":ﬁﬁﬁuﬁw“ giDisg il

- 1HGINSTISFARMAGAMAMUNIAAT (Réfrigérant) I W{HRWAGSS 100ml I8
simatang (Fa«maatinitugaahiaimandnn: 250ml

- UigH Phénolphtaléine 5$S 2191 3 HaN Ardy §{pthyty NaOH 1) AR s G nen

mayng

€9, (UgRU SMianNs

<+ JUYSANNSUAUTN AN RIRUBISARAIAMA

CNaOHx VNaOHx 60.05 x100

Vsample

% total acid =

Viaor = NS {RIUAT NaOH (ml)
Chaon = AUMUIUES NaOH
60.05 g/mol = 818U UTS Acetic Acid

Veampe = B128TAMATAA
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ssgEaFne &4 b-¢ MNessinanisns (awsess:ggmlég Volhard @2 Mohr)

iRl se
uifmsu§afansis: ot dagudmmuShmsusamnonkimys
9. ansinymauiniShiniimanuinanido

. 16:Any)uismitmanmuie anfiBnsmui:itian]ag Volhard 8% Mohr
9. iMUMINA

IRANGHMEIA NaCl MY AgNOs IENUH SIRNSIUATHINEMSINNN K.Cro, 18]
baporvyn nahwdupwyindniady (igesiuidh co?) 1sithadnpnema
(IRRSART AgCr0,) 4 181G ANGRIBY R Cr AARH G RMYESEREh AgCIY

ishnuifi &g (Titration ) 1aeuiR Al enensmnAnuinyfioniels

1) wanghhaduaRiva 84 mAsma
NaCl + AgNOs —>uAgCIL + NaNO; (mimiA R ARTSHUACK)

2) WARYUIAAARTS Ag,Cro,
2AgN03 + KgCrO4—> Ag2CrO4¢ + 2KN03

3
P 4

V. HRMFUH

8 U LUEY]H K4Fe(CN)6.3H20 (AUNU 15%)
ﬁgmwmjﬁ Zn(CH3C00)2.2H20 (AUMY 30%)
. ﬁgmwmjﬁ K2Cro4 (AUNU 0.IN)
ﬁ;ﬂgtﬁﬁ{jh AgNO; (AUNU 0.05N)

m. MAGHME(A NaCl ghanGimelfian(ag Volhard (Volhard method )
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- o (EeiUAd ) T wysaImEI 5SS 20ml
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- viguisiphagjiimegis -

o 5mITSWAIH KiFe(CN )6.3H,0 (AUNU 15%)

o 5ml ?sagn;w'ﬁgﬁ Zn(CHCO0)2.2H,0 (AUMU 30% )

. {Ag)A §ﬁﬁtm§n§ﬁﬁﬁ

- mmmmwmmsmntﬁ“ﬁmmﬁmnﬁ]mﬁnf{f
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INSIUAT L IRUISTuEim SIGHAR ARYMUI: Sodium Thiosulfate (NazS,05.5Hz0)
B1G: Ascorbic Acid {it SI{UARYHAN AAY (Oxidise ) 1§18 Dehydroascorbic acid, 20N IR

L{pimsulghiglth 14
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H OH
HO H20 O
2 + | — HO _
HO” 4 RO~ +2]
ascorbic acid dehydroascorbic acid

aiRpigailusamn miaigShimamuni als & ¢nino



iwaswilBadmianiil L pifhosvighiddh 1 nvamisinsignsive

Ascorbic Acid IgmﬂﬁS‘]ﬁJmSﬁEﬂSL ﬁ’“ P Starch H123M$1 1SINFUTR Ascorbic Acid

w

Auuginsiinanany, iMuuiamnnhig)iigl is:Ambanoumuismidise

0

g
391 Izmﬁtmg Al{fa 100ml KR

S
%
=C
?,, -
=
g
=4
=
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Ligueur de Fehling t &y (Y WAIJHH UM T SZIRIS Sulfate de cuivre §41 Tartrate de Na et
K iduifnnaangiwng sy wamiviiagieinh (annanpuny)4 ishnnidun

msfwa cu (RuRamanhiginug syl so2) adhpinsmay §oisami

19.19. NaOH 21U (40% )
19.M. Methylene blue
.. Liqueur de Fehling
19.G.9. Fehling A: iAW 69,2789 CuS04.5H.0 gﬁ§ﬁ891000m|
19.¢.9. Fehling B: s 100g NaOH Qﬁéﬁﬁ'SIOOOmI Sy 3469 IS Tartrate de

Sodium-potassium 74§ 78 $1000m!
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w.&. iatimanGan: 250ml

19.6. &38R (Réfrigérant)
©.8. yjinN: 250m
19.90. (AtEIO:

19.99. pH meter
m. Biehimi
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ANMUAY N WRIRIRIUSGUMSHNW NaOH UAUNU 40% (3 pH

Sc'

meter ), {WIWUNT AN M UAYINW NaOH AjNIY Ay pH IRUB{U RsIoin: 7 84 8,59

o

m.9.c. OAgNWaRIBuIhmUAYciFaaydan: 250m iwnRasHmaiR
imanshwnbeemsuymizng onniR BRI AIFARYIY AN UIAUY VO SHUGH
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M.1Y.9. HAG]): §IAJAIAYIN Liqueur de Fehling A G§S 5ml BTy W Liqueur de Fehling
BGSS 5ml

m.w.. viguiomitwiiagiynwahunuainomoanig)ian (R IWRIREA!
gjnsthiucishinuAnigdig)

Mm.v.m. USn Methylene blue USS m &0NA

m.w.c. ugifmidis ihwuigsiomAfuwiiasiy N wahanuaRmaninig)

MY.& RAMSING Vi (UWARAWNNNIN)IiA JEMYWART Cu0 nan

[Py )9

m.M. MiiAaIthA ANRA ( Precise Titration )
m.m.o. muf FippInsuUEnkitnoAmaA m 1§
m.m.v. U’f‘gH Liqueur de Fehling A 6‘%8 5ml JjBIY W Liqueur de Fehling B fi%S aml

m.m.m. Uigu§ing (Vi— 1,5ml) ISayyweyieg iR sifiaagiys

m.m.c. igMIaRRISIpWIw NN © 9§ NWUIgY Methylene blue 588 M &N

(&AM ainig)t)

m.m.¢&. vigsaNwahagEEanAgantandhigipinsmadiul st

WH A WRITHA SN {UE)

M.M.9. ARMSING VL iUy WwaRa iR sibime

GUASTAUNY X 10 IR ARR VISt 3 Vo I WSH S WivaTmni Y
G. (UGHRIY
. X x 250
NSV WM =
N 100
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X x 250 x 162 x100 _ X x 225
100 x 180 X 1000 100

% Total carbohydrate chain =

W 250 : BNV

- fivnvdauEifams v. inghanii gt
162 : DVEUYIUANIURHEHY

180 : M EUHIUARIUA AW

1000 : BNAJRTAMATRR 1mg
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Lane-Eynon Table (Invert sugar and Dextrose)

Saccharides
mL sugar. solution Invert sugar Dextrose
required (without sucrose) (anhydrous)
mg/100ml mg/100ml

15 336 327

16 316 307

17 298 289

18 282 274

19 267 260

20 254.5 247 .4
21 2429 235.8
22 231.8 2255
23 2222 216.1
24 2133 207.4
25 204.8 199.3
26 197.4 191.8
27 190.4 184.9
28 183.7 178.5
29 177.6 172.5
a0 171.7 167

a1 166.3 161.8
a2 161.2 156.9
a3 156.6 152.4
a4 152.2 148

a5 147.9 143.9
a6 143.9 140

aT 140.2 136.4
a8 136.6 132.9
29 133.3 129.6
40 130.1 126.5
41 127.1 123.6
42 124.2 120.8
43 121.4 1158.1
44 118.7 115.5
45 116.1 113

46 113.7 110.6
47 111.4 108.4
48 109.2 106.2
49 107.1 104.1
50 105.1 102.2
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9. Qiﬁﬁmmiﬁ&"ﬂ ﬁ'ﬁUﬁ'J"cj}LU“rjm SUMAIWTS Total carbohydrate chain tsﬂﬂg:ﬁ
fI UM A

9. G uNUAgFIUAS Tartrate de Sodium-potassium §3 Methylene blue
m. {NAENSFHFUARYYS pH~ 107

G. yUIIUGASNSITUGRUIRUGGUMS
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Atomic absorption spectrometry (AAS) No No Yes No
Atomic emission spectrometry (AES) Yes No Yes No
Capillary electrophoresis Yes Yes Yes Yes
Electrochemistry Yes Yes Yes Yes
Gas chromatography No Yes No Yes
ICP-mass spectrometry Yes No Yes No
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Infrared spectroscopy No Yes No Yes
lon chromatography Yes Yes Yes Yes
Liquid chromatography No Yes No Yes
Mass spectrometry Yes Yes Yes Yes
Nuclear magnetic resonance No Yes No Yes
Raman spectroscopy No Yes No Yes
UV/Vis spectrophotometry Yes Yes Yes Yes
UV absorption No Yes No Yes
UV fluorescence No Yes No Yes
X-ray absorption Yes No Yes No
X-ray diffraction No Yes No Yes
X-ray fluorescence Yes No Yes No
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Base on mobile phase Base on stationary phase

(column)
Gas Gas-solid
~  chromatography
(GC) Gas-liquid
= Adsorption
Chromatography
= Partition
L Liquid — lon exchange
3 a . . Chromatography (LC) :
= Size exclusion |
1 - Affinity ’
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A Review of Test Strips in Rapid Detection of Food Safety
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IR (AU QG2 (iter paper chromatography ) (AT SUIRATE]M
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Paper chromatography takes filter paper as the reaction carrier, on which the solution to be tested is dropped

by a sample applicator or a capillary tube and is considered as a stationary phase. Lﬁé’] @Lﬁ“lUjLﬁ L’ﬂ flj
WA s harinumeuing  IRuygwakitughim
ARTN SUSAINWAUATIANU N AIAMAA] YOO capitary ITW{HTDN'S

JUR P AP, -~ a
(5113 91 AR EIUNANILU fgl S “under the force of paper chromatography, the organic solvent

moves as a developing agent, while the test solution as the mobile agent will also start to move, and the

components of the test solution will dissolve and re-distribute into different groups, which will appear as

separated spots on the paper. M B AT RIS AN GIM U AT &0 coimaianwain

FomAMIHAIZIS  2RNINUIRUNNW AR @A
ShoUIRuhasd ttﬁwmmmmﬁ%smmwmjmmﬁmmw
wisaonwigiRim iRk g iBulhiuoigihY m'f’zmﬁﬁnfztﬁnw

by
Wy

Dia

2
glun
(=3

S
A Ps)

tgb]ﬂtSﬂtmLﬂkﬂﬁjﬂQualitative detection compares the distance traveled by those groups of

components (Rf value) with moving distance of the known sample; while quantitative detection collects the

spots from the paper, dissolute and separate the components out, and use colorimetric or spectrophotometric
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methods fo complee the quantiative anaysis (41, MITAIE A ANA NI U] UGN
RuifRithnhwpuisanamaais: (alg = Dywihonw
modisainuiaanug eansniiumiandmuinanuy
Gapoismiphe innw Sadluavewmgion Wiwidifiany

colorimetric g spectrophotometric iN UJU pr”‘lﬁ’fﬂ F'IUTU] ﬂ»ﬂ [4] "] Paper chromatography is

currently applied in the rapid detection of organophosphorus pesticides [5], metal ions [6], amino acids [7],

Sudan red [8] and other substances in food.LﬁolAﬂ Iﬁj chromatography UngﬁL@fm SHS‘ffgjiSﬂ
ARmIARIE MU AR OISR N UUTUE  oganophosprons 57 HU
WiEA [0 EENSAN [ GRARNY [0 SHANImaIRIRIG)aISI AR
UnI

(

Chemical colorimetric technique: Chemical colorimetric technique refers to a qualitative or semi-quantitative
detection method, in which the test substance in food reacts with a specific chemical reagent and causes

color changes, which will be compared with the standard color cards and analysis will be made based on the

color comparison [5]. UTQ 1S 80 colorimetric A8 ¢ UTTATS &Y colorimetric AS 8I5EH 10153
mLmnf AARNMA YNARAMUUTEN AN TRUANIMEIA I QRFUNI
NSUARYTYWhanMaABMAMNAYW ITWUAM U3 SmI
mesginan il siyuiguigwiamana g wiw
mitmasaEiasidid mhulgrdmuuigunah [s Toeme

colorimetric technique has the advantages of low costs, short production cycle, simple operation process,

rapid color display, direct result, and so on. The downside is that the technique is low in sensitivity and

therefore it can hardly be used in the detection of trace substances. UT 111 % U colorimetric ‘%ﬁm S
annyRismitamweu, iRk Uanyg ichimipivimianem
MITINMANNIUT A, g RISl aaniuiat

UIGAIS ISt s MU N WG shignadsmornighmin
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al
oS
ﬂﬁ m ﬁﬂfm ﬂ Lﬂ S f S] 219 o] Moreover, since such methods highly depend on the chemical

reactions of the test substances, the results are more likely to be disturbed by external interference in the
testing process (4} U I A3 216118) @ BNt ANnei Ty s giuuis:Akigatng
uighiluinghdisamnimaananh uginuésathipinsing
hwmniaiEaie RSt AR TN MIEIA] [4 9 curenty, cremica

colorimetric test strip is the most widely used and the most mature rapid detection method and is applied in

the detection of illegally added substances and hazardous substances in agricultural products. For example,

chemical colorimetric test strips are used in the rapid detection of chloride, nitrite, urea [9] and other

substances that might exist in food. UQUJ GSJS ° U§ :iﬁ f}_\jm ﬂfﬂ %g '%M?ﬁ flﬂ['f}_\ﬁﬁ

Wmundgganwins Shnsmnoa iR wpinsHsinnk

mﬁﬁnﬁm AIMAUISEEATNY ShanimaimAsIghRUaR A
A ad al

AYY 290100 US:IafdNANRY LnfmSiLUﬁﬁmifﬁilﬁmUﬂﬂf Y8y

(3]}

L
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[

%‘s;@ i 81808 AW [o sﬁmxmﬁtﬁgmc&jnmmmﬁmsmnﬁmtmm

Enzyme inhibition technique: Enzyme inhibition technology is a rapid detection method mainly applied to the
detection of heavy metals and pesticide residues. This technique is based on the inhibitory effects on enzyme

by the test substances. Heavy metals are commonly detected with urease [10], and pesticide residues with

plant esterase, animal esterase or cholinesterase [11]. Ufgﬁfg hfﬂﬁfﬁﬁfﬁ fﬁg% Ufgﬁ?gﬁ
nikniAly Anitangnimthhm ot ugionsssigioyh

Gim:muadminnmags ShRMNURUNUNGFNRY UIGRISH
1S:ATRAIURG N oy SEUHR BRI W ANTMAAN AR Y 1ANTN
DagSEHINSIARAIMM G FANGWEN wease poy SRETANUTRIONT

f’lﬁj ﬂgﬁkﬂ% W esterase {gkﬂ ﬁ esterase ﬁjfj g cholinesterase [11] “ The mechanism is to

allow the test substance (serving as the substrate ) to combine with the active center of a corresponding
enzyme, so that the nature and structure of the enzyme is changed and its activity reduced, which can be
identified. And the test substance can therefore be analyzed according to the changes, most commonly, and
color changes. Usually, the enzyme and the test substance are fixed onto two test strips respectively and put

in contact with each other, when inhibitory effects of the test substance will take on the enzyme and catalytic
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reaction will occur, accompanied by color changes. UJ 3 'rﬁ"li'%f—fSI 111y % UL ﬂ{]ﬁ
(UHB UMY ) UNURDMYWEREAN U UAYISHAAY
iRuRim igsaythd §mﬁ'§1m§§§sm&ﬁ’wmims‘:’mﬁhgi i
SRYM AU NN SMAUSW fﬁmmﬁﬁmﬁﬁﬁmmnﬁmm
Jigsiiwanimaaagnopimsimamhwimigimsmigasgs
191 Sumiasuinnny sagm Hiay Shanmainpinsga
ﬁmtsiiﬁugzmuﬁmjﬁﬁriijﬁﬂgs WwhAEAsshmisimisiva
iIShnuiR R §nunihis mrmuﬁmﬁﬁﬂmt’jwﬁﬁﬁf{“w NWwuanRY
mmGniliRaigih reithwmigaygnnn

Based on these changes, the substance will be detected qualitatively by visual inspection or be detected
guantitatively. This method has many prominent advantages, including simple operations and low costs, and

is suitable for the regulatory authorities to exercise fast testing in the farmers” markets, supermarkets and

other food distribution centers. RN IR ATEIMIF AUUTISINIS: aiMaSh{ImS
imbBmmuugan:annmanid wmfmﬁuﬁé‘ﬁjiﬁmnﬁm yiimsia
Wgmsuivany lanjasscasaanayinommids gein
wavimiengm Shmidamwau M WaBIYj N UNENEIUS
uinbahmingigmofmagiansighdpmdni gpiiSu §i

mnd-

HJH ﬂéﬂ IIUTGﬁU‘I UJPﬂUﬂTinﬁIQj 51 1 But this method has some limitations in terms of

sensitivity and preservation, and has higher false-positive rate and false-negative rate. It is susceptible to
interference in the detection of some agricultural products, such as ginger, onion and garlic. Therefore, this
technique can only serve as a preliminary screening method in food safety testing. At present, this method

has become a basic means in field-testing and pesticide residues screening in developed countries, but has

not been widely applied in underdeveloped countries.{j‘.€§?ﬁ 18] Lﬁ‘j 1SN SIRSANN ﬁUN W
GgsnashSumnndu ShmmAm) wnsHmighmw-igums
ShupmBsia-Hinsgati ﬁmwshmsthujntLﬁﬁﬁﬁmin
m mﬁﬁ? AyywissHoth 3 Sumiih §hdvad §ig
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Immunoassay technology

Immunoassay technology develops from the serological detection method in medicine and depends on the

high specificity of reactions between antigens and antibodies [12]. The technology contains three approaches:
MMQGJ S o c’dﬁﬂ
sandwich method, competition method and indirect method. Ufl{.}) ﬂfl&ﬂ Immunoassay ﬁ g S ﬂfw ﬁ.ﬂ
-~ S st S 9 o O U 2
Lfgﬂﬁn serological Q_EI 9800 Sﬁf-ﬂLﬁJUﬁﬂJfﬂ ARNAPNAZ meLUﬂ ﬂUfﬁﬁl
1
a 2a

shfluys Shrpuilug [ vigaignisasiian(yBh Hany
aoiido hanjagrunatuinh STl an[AIUIt AU rans e sandwicn

approach for example, the mechanism is to crosslink the specific antibody of the test substance to a colored

material (such as colloidal gold, carbon, up-converting phosphorus, etc.) and to a test strip (detection line)

respectively. After the “colored substance - antibody” combines with the antigen, the combination will then

bind with the antibody on the test strip and form a sandwich-like structure. W1 4 §1 Uﬁﬂfh IR
ifiany afbio hanuinh wgmikiigmurpuivghamnals
ANIMAIRAFHATR UM SOON (TENHIE coloical, carbon, up-converting
phosphorus I U ) §Emméungxﬂnmﬁ USIANIA )Y 11928
uUR "manch - saofimen” Ry wE s isemgy
RISumUthywHRvRmanisilug: Al WUk athio i

by O A~ 2 QM
§§ I';], U ﬁﬂ llj iU UJ Visual qualitative detection can be conducted by observing the color changes of the

detection line and the control line, while quantitative detection is based on the principle that the shades of the

color on the detection line are in proportion to the amount of the substance to be examined [13].’rﬂﬁﬁ

imannmniguiBundmaopinsidigimwmiiiamifia
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Immunoassay-based test strip is one of the most developed methods for food safety, which is widely used to

detect toxin [14] and veterinary drug residues [15], microorganisms [16] and genetically modified foods [17].
U IA IR U SYUE SID immunosssay AT ANy WARSINMET
AR uRIm SHAIZ TR A i URIRMaGansUNT IR FImS A
TR g g MWIREIRIBUmMAN N [ SRS ANNIING G [1s
HAKSUIMAN [16 SHUNBR U STATUTUS [1719 1 oroer to mprove the
performance of the strip, researchers have made a lot of effort in the past two decades, such as increasing

sensitivity and specificity, speeding up response time, improving the ability of multiple analysis, etc. Hongfei

Gao, et al. [15] proposed a immunochromatographic strip using horseradish peroxidase-tagged antibodies for

rapid and multiple detection of B,- agonists by utilizing ractopamine (RAC) and salbutamol ( SAL). iﬁﬁjiﬁ
pyRinhimisusg: gagnighinsEadBhivhmiisatnw:inm
figautajinghunis: gommiusismniiuiye SumomAMmA mi
Ui Stmj sisinuiiiway minuyusamoismimag st
NI Hongtei Gao, et al. (15 N STETETU S & immunochromatograpnic 1N W THRUR
(NANTR UGS AN norseradish peroxicase SUTNUMITATT UMM T

al k) al ! a
TLU SIS B2- agonists ifﬂ waULm fJ ractopamine (RAC) S ﬁ salbutamol (SAL) 4 The whole

process can be completed within 20 min, and the detection limits of RAC and SAL were 0.20 and 0.040 ng

3l
N
v

mL-1 (S/N = 3), respectively. With high sensitivity and specificity, this technique is suitable for the regulatory

authorities to do field screening. ﬁiffmmig‘imgmm GUfDiljﬁﬁIUﬁm fU 20 SW§
AW Sﬁﬂﬂﬁfsmﬁﬁﬂﬁ'mmﬁ'ﬁ rac O saL B o.2lo S 0.040 ng mL-1 (SN = 3)
amd hywlmnndy ShthAMAgsr uigrisasis Baifay
AU INTISWARGIRHIRMIAS 875008 9 However thistechniaue can hardly be

applied to a wide range, because the reaction between the antigen and antibody is highly specified, which
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requires to establish specialized detection reagents and conditions for different test substance. Besides, the

accuracy of the test results also depends on whether the antigen component is damaged during the
processing of oo, 161NN R AMATNW UIGAIG IS TR ATSIGHSIR
qsGimegifitgmnwince figneudnghasiFiuygs Sanaud
[manpinsugmAtinkgal iRuagi2uianmaniniinnais
ShugeaN UM EITIaIRIn 1 iFE NS maRvaiis
IG R UIE R AR {ATWIF TR IR I ME antgen Eimsgoanngh

9 k) 9
Dol X o 9
t ﬂ ﬂﬁ n i gi—ﬂ UTl ﬁ W fgf 9 (1 Currently, numerous immunoassay test strips have been

commercialized. For example, the ROSA series colloidal gold immunochromatographic test strip, produced by

Charm Science Inc, has been used to detect a variety of antibiotic residues in milk [18]. UQUJS18
USSR mmuncessay BUT ST SIAITMANFAYY g Quind Ug:in
PJ immunochromatographic 816U colloidal iﬁﬁ rosa 10 SUTR EU B TEN U charm science Inc
winsifindmsuannrabdamifsunesiandaih:
1A [181 4 |

Biochemical technology

Biochemical technigues, combined with test strip method, are mainly used in the testing of food borne
pathogens and other microorganisms. This microbiological test strip method usually requires two layers of

films; one is a layer of polypropylene film printed with a grid, and the other a polyethylene film coated with

cuture medium and chromoseni matern. UIG IS (A BT Juijthywihifian]ag
snAN IO SIIMoyamuRiRgInmaU ﬁuﬁnﬁmtmisﬁﬁn
meammﬁ%mjm?ﬁmt aanAnR SRt mLms*“’ Y
nLHiqjmsmeumtSteJmmw Ywanpuauisigimnws

w

3

]

polypropylene im mUmeLﬂ Q‘II ULﬂﬁ 98] SﬁULIﬁQjﬁme\jm £ LUS(I;IJi
IN ﬂﬁ[ﬁﬂ U“ﬂ [ﬁ ZUﬁI ﬂ»ﬂ i&; ﬁfUJﬁH S llfl fljgn chromogenic OJAfter treatment, the

sample can be inoculated directly onto the microbial paper without enrichment. Cultured at suitable

temperatures, specific enzymes will be produced as the growth of microorganisms and will react with the fixed
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chromogenic material, after which will appear colonies of different colors. Rapid detection can be conducted
by simply counting the number of the colonies [19]. U §11'J' A ANaEY ﬁoﬁf-ﬂ GLﬁuflTI SA
wh i Ailphadnin mwdsnsminging mifgasids
ANMNAY{IY HY ﬁ?ﬁmﬁmﬁé‘ﬁmm sRUathmIyanaisHA
sIguImaN swlhmsiuinyg Utﬁé’h BNIE chromogenc 181 USIU

gahSivoiomihmamSasisnanidihm g mimidmuhimo
R oRimsidigihiwimsian

NUGSSHMAMSAY [19

The biggest advantage of this biochemical technigue is that it saves people from the heavy preparation and
finishing work, shortens detection time and helps to improve the efficiency of microbial testing. In addition, the

mechanism of this technigue is based on living cell technology, in line with the standards of food safety and

hygiene quality regulations, and is therefore easier to be received by the public [20]. HR U0 N éﬁ &
ORnaisutgAteuRiAGIS At ﬁ@wm@:ys‘mjﬁmﬁﬂuﬁﬁgé Sh
mInIumU mavgwininasmuandm Sigwuiiswadgmn
ismitdinasSiaiiy ideaufiis: 1UJ§FﬂﬁSU’I§ﬁ’IQ 1SS AR
uigATumamIass! uumvimisusyimfaiaifimadan
MU SRAANMOHISW WEIg: N WIS g U W AN MIAN

~
W S [20] c‘]The downside is that the present color system is relatively simple; and the irregular distribution of

culture medium or chromogenic substance on test strip may lead to the non-uniform growth or distribution of
microorganism or uneven color display. Currently, microbial test strips have been commercialized. For
example, the Perrifilm TMPlate series microbiological testing piece, developed by the U.S. company 3M, has

become a very mature product, and can accurately detect bacterial count, coliform count, molds and yeasts,
s e AMNTURADUNSNANUGYISAanum Y wiwmioanwEs
iglanaisuisiumt u Uﬁﬂ}m“ chromogenic $STTFTUS s ANARITHHNG S
i smitAnanal ymiukisadpaing ymisihmoongsia
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Molecular biology techniques

The combination of molecular biology techniques and test strip method allows target at molecular level to be
tested. In recent years, nucleic acid paper chromatography and microarray have become hot research topics.
Nucleic acid paper chromatography is a technigue combining the nucleic acid amplification technology in
molecular biology and the chromatography paper method. It inherits the high sensitivity from nucleic acid

amplification technology, and the simple, inexpensive features from chromatography paper method [22].

Microarray is a technology derived from the continuous development of gene technology and material science,
which can quickly detects a gene sequence and the information carried by it. The technical mechanism is to
hybridize a known sequence with an unknown sequence, analyze the hybridization signals, and then deduce
the unknown sequence information [23]. The advantages of using test strips at the nucleic acid molecule level
include its low detection limit, short cycle, high efficiency, multi-detection capability, and that it makes it
possible to detect deep processed products. Its disadvantages are that it costs high and requires the
preparation of a large quantity of pre-sequenced DNA fragments. Molecular biology techniques, combined with
test strip method, have shown great prospects and have been applied to the detection of pathogens [24],

viruses [22], MicroRNA [25] and genetically modified organisms [26] in food.
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