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Chapter One
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Carbolydrate

Carbofydrates
|
; ' Carbohydrates are {nﬂ of a major type of big biomolecules, also are
a class of organic compounds. It is about 15% Brganic compounds of cell
Eh'll“ﬂtlr.ll'ﬁ: s
Carbohydrates were considered to be hydrates of carbon because
they contain hydrogen and oxygen in the ratio of 2:1 just as in water. The

general formula of carbohydrates is Cy(H,0), ,mm@%ﬁ%ﬁ@m
are now defined as aldehydes or ketones of polyhydroxy aleoho

‘]? ‘{ A LS R TS
LIS W=l
o CH;0H P | e dA
HO—-C—H . =0
CH,O0H CH;OH
Aldosugar Ketosugar

In most ﬁrganisms, carbohydrates material, largely in T.he. form of
simple ng&r glicose, is the primary foodstuff, providing most of the
energy and carbon required in the biosynthesis of proteins, nucleic acids,
lipids and other carbohydrates.

Some carbohydrates have a structural role such as cellulose in
plants and glycogen in animals and bacteria.

Carbohydrates are classified into three major categories according

to their structure or hydrolysis to:

Monosaccharides q,:,!_-.,t:ﬂ il __;Sa.uﬂ

Disaccharides. 1l el £

Oligosaccharides Cilas, ol AL iy Sl

Polysaccharides

TR—
=1 e
—_— i
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1 Chapter One

‘iﬁﬁ;}:}u};” < Monosaccharides: are :mnEIa sugars that cannot be changed into
L) =

M Lr,i;‘*"'; simple sugar upon hydrolysis (reaction with H;0) . It t:anjha

) vy classified Imunrding to me[nmiiar of carbon ﬂtDJIlE]i;'l the chain.

Those found most commonly in humans include the following:

a- Trioses: composed of three carbon atoms [e.g. glyceraldehydes].
b~ Tetroses: composed of four carbon atoms [e.g. erythrose], e
c- Pentoses: composed of five atoms [e.g. ribose, xylose, arabinose].
L o d- Hexoses: composed of six carbon atoms :mﬂﬁ.
*» Aldohexoses: contain aldehyde group [e.g ghl_iﬂi;ﬁ‘ in blood,
galactose in milk].
% Ketohexoses: contain ketone group [e.g fructose in hune;r]

A Y
They are easily i”',]_“_b,l_'_:_ colorless, sweet t&ste, raadﬂ:.r diffusible and

Y
highly reactive pentoses and hexoses. L '
{eduiimler 2 Disaccharides or _(ﬂgusanchandﬁ composed of (2-10)
0% yen ¥ gsudpr molecules of simple sugar linked tn-geﬂler by gl}rmsﬂc linkages
[e.g. lactose, maltose and sucrose]. It can also be classified
| urdu:rglure.acn L‘J . |
A, Rﬂduemg sugar: they contain free aldehyde or !s:etnne groups that

-
L # are ca]:ahle of reducing an oxidizing agent. E:campies are maitose,

=
f !

s o= that is composed of two molecules of glucose, and lactose, that 15

St b composed of glucose and galactose.

& <1 f i, I.r-:l__ ;
Maltose + H,O el 2 Glucose

\
B. Non-reducing sugars: they lack the free aldehyde or ketone group.

1,

T #2) An example is sucrose (sugarcane). It is f3 und in red beet,

‘¢ -~ pineapple and root carrot which is composed one molecule of
(glucose) and one molecule of fructose linked together by (1-2)

glucosidic linkage, ]

i .
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Sucrose + H,0 Suerase _ Glucose + Fructose

————— or H I

uf" ¢ Polysaccharides: they are pnl}fmcr u[‘mnnusamhunclu urut.s linked
; together by glycosidic linkages ‘J-"ilfigl hydrolysis by acid and heat 75
A1

Won N g duting
es. So are complex saccharides on hydrolysis

or specific
yield many simple sugars. All polysaccharides are mon-reducing.

. The large size of these polysaccharide molecules is responsible for
their relatively low solubility and diffusion. For the same reason
their solution are colloidal in nature and opalescent in appearance,
< Structural polysaccharides such as cellulose and chitin. ‘4% v,il A
o Stumga polysaccharides such as starch and glycﬂgm : EL-...-"L' 2] le

Glunl | bediue
Quantltatwe test fnr carbﬂhrdrates

1 Molish'stest ~ ~-\/¢ j et _J::ﬁ_x VAR
e _,,af.a’efi o Sw_ﬁr-fjpf-ﬂz:u-:"
rincip
{Carbohydrates on treatment with strong concentrated sulphuric
acid undergo dehydration to give ﬁ:l%ﬁirﬂ] or furfural derivative,!whiuh on
condensation with o-naphthol yields violet or purple ring complex. If
oligo saccaride or polysaccharides are present they are first hydrolyzed to
the constituent monosaccharides which are then dehydrated. Pentose yield
furfural and hexoses yield-5-hydroxy methyl furfural. ‘-l L) = TU
e LU oy ) o s er -~
olysaccharide _L Monosaccharide §us Qura =S~ G 5L _2

W 5
% Disaccharide Conc.

Ay = — L
e T e T L e
1 e e ————
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IJ I—gdﬁ “ﬁi'i *‘F’{ Foly &’ Dy L6 wans fugar 7 o

) delgdielion - R s

i) Te #ﬂn Jourfurn | Rl
-t.‘.HD ' |
ﬁmn}m—%ﬁ-HﬂﬂiﬂQﬂﬁﬁm :
CH,OH % - hydoxymethyl furfural Hy

Aldo hexosugar P o d- OsH

w ked 15 e ke ok m-:’*l"-.l."iL1F Jesd ™ Purple camplex
L H'% o 1) odebephfhd 3) Sugav 5, wple Y

Materials

1. 5% alcoholic o-naphthol fresh prepare in 95% ethanol (Moelish's
reagent).

2. Cone. H;S0,.

3. Water,

4. 1% monosaccarides, disaccharides, polysaccharides.

* Precaution - f\ ?

Test tube for this test should be completely dry. 1) 11 1.5f ¢ Fioyew )

1} _:I’ EE ¥ ﬁily';_.r'.'ﬂ-; '.-'-.--..-|||!|l,"_~ l'-t'-:.
Procedure :

1.1Ina clean and dry test tube, take 0.5 ml of the carbohydrate
solution (sugar).
E_. Add (3-4) drops of molish reagent, mix well.

e —— o S T —_— S ——

"—_——.-_,__.__-_—_-.-.—--
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=iLy| 3, Carefully add about 0.5 ml of conc, HyS0O; by the side of the tube,

Al B Without mixing so that two layers will be formed, the upper layer -~ —

_E,,,.hl‘.-—-'l-.u- s
1}_, ¢  for carboliydrate solution and thé lower layer for cone.”H;S0,.

H.,jnq”' 4. Observe the purple ring at the junction of the two layers indicate
the presence of carbohydrates, fsl:u—f P e {};—"-;j-:.:,fL,,,
_m s

1. You may observe the formation of a green ruig beside the purple
e bn F

JMﬁduemmemchuanﬁmnu-naphthnl and: sulphuric

f.ﬁ'g - acid and not to the presence of carbohydrate.

o=
2. Black ring indicate to sugar charring dua to adding conc. H;SD;
..—-_-—-—|—-—'—-—r—

guckly . ﬁ"’“"’wh f-;l_,,_fh-ﬂ-;l:
F&f'-'-li_ﬁ"'-,.:,.:-;f‘,-—f oy L

2. Bendict's test< 2k 2 Ll J—éﬁ
J.ur:rj
This test is positive for reducing sugars only some carbohydrate with a \LL_J \
free aldo or keto group process a reducing power. So they are known as '1%;1“"_'1

EE S S pee—

reducing sugars. Benedict's fest is a test t-::~ distinguish between
5 = . e Ao
Hriducmg sugar from non-reducing sugars.
Principle:
The reducing sugars (mono or disaccharides) will reduce the cupric
ions (Cu™®) present in the reagent to the cuprous ion and precipitated as
cuprous oxide Cuz0 in alkaline medium at high temperature. The test can
be used for the detection of glucose in urine. | P T NP i 1 4
yineiple: +1
q ‘G! 3 +1 l!'_rl_.l.?(i-l.--‘f;.-:l,-_l’} Q
6"l < u&w_:} 5‘&150( ,,:,H f"-'fiDJ/ v | ; ,{ .
" L‘-'I;L.— » | fa PR el [
Lff—w e LA
-+ ﬂE ok
(HE ﬂi'.r} +(:H' iﬁé{"” i |;"
o
{Hio i
" i
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C\ﬁ{}‘_,_-_ Eu++ +SG;¢ _.--""}. ‘)) 1 ! N
Qg s
COONa
Cu** + NayCgH3507 ——— HO—C—CO0 -
H; GDC#H
_cupric: sodium citrate complex

Reducing Sugar—N2C0: | —¢—0H
—C—0H
Enediols forms of

reducing sugar

Enediols + Cupric ; Sodium citrate complex - B:-W-B__ cu*! + Mixture of sugar acids

Cu*! + OH—— cy0H

Heat
'2CuOH—— Cu Oy 0
Red ppt.

Materials
1. Benedict's reagent is prepared by dissolving 173 g of sodium
citrate (NasCgHs07) 100 g of anhydrous Na;COs in 800 ml of
distilled water. Slightly heat the contents to dissolve.
Dissolve 173 g of Cu80.5H,0 in 100 ml of water. Add this
solution slowly and with stirring to the above solution complete to

1 L, the mixed solution is ready for use.

2. 1% monosaccharides (glicose) and disaccharides (lactose).
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Procedure}
v '_'.' A2 1. Add Iml of Benedict's reagent in the test tube and then add 4 drops

“anp ¥ of the test solution, mix well. g
A%\ 2, Put the reaction test tube in boiling water bath for (2-$) minutes.
330 (7 3, Then take it out of the water bath and let it cool.
e

1
ez 4. Observe and record the change in color (yellow, orange, green or
red and brown ppt.) F 6
mz . l.ﬂ_ulun.-“" hq‘m.-rdﬂﬁ-'l-f Ll
1. CuS0O,.5H;0 is the source of Cu*?, [z ob) Peld fi*l::_; P
2. Na,CO; to make alkaline medium, Sl ey e chiange Y,

wha g 2 . :

3. S_m:mse may be hydrolysis in 2 Iuigﬂtwe nfgl::ahfrsndniy give
FV 'u‘-l'h'n"_ ——y o ..-"'H wy L
positive result. o\ige oo & dind

4. Degree of color change depends on'the conc. of reducing sugar. /

(3. Barfoed's test :
(rtlejce This test is used to distinguish monosaccharide from reducing U %

|

Sl gy . Wyt Gpaidy (Vi) Somr gl O
: ORI A disaccharide. ey (, A e \ S o
| = = st R e 0N yematet T
| rﬂ‘;\.ﬂﬂ? ) ] ’ j I (_1-
L P,.-:L.l-ll,_"':- _.:,-ﬂ_,_.:,-.__g

| 2 j;ﬂr Principle: _
.rs:':' :‘;Er Only monosaccharides are capable of reducing cupric ions in
weakly acidic solution to the corresponding coprous ions (ppted as
Cu0). whereas disaccharide give negative result (solution remain blue)

unless they present in high concentration or. hydrolyzed to their main
constituents of mnnusaﬂchqfide due to prolonged heating of the reaction
mixture, The test cmm;::—t' be used for the detection of glucose in urine

due to the presence of chloride ions in the Urine!r which interfere with the

test.
Barfoed's test is a reduction test carried out in an acidic medium.

e —————

The acidity makes it a weaker oxidizing reagent, Therefore, only




- -‘..-';' ...-'1".3.1\-.4-’-"1'“- 1
f‘i #lu-'ir..rdmﬂ b ¥
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Carbofydrate Chapter One

monosaccarides, will reduce cupric ions. However, if heating is prolong,
dMMmybaMIMhymmmme resulting
monosaccaride will give a positive test, ‘

L e
(HC—

l:HDH]ﬂ +Euﬂ_m.{15m_ﬂ__h_{ﬂ};—ﬂmn o
1ﬂH CH;[':]H /gr:h-l.-:.iit

=34 aldonic acid

cutticle 2a0v punir A L L neg

o 14 . 3-5min
] ﬁih L I‘-GI"L'_'| %ﬂjllﬂ‘f&“_‘uj'\j "'I}'|| PPL

Materials
1. Barfoed's reagent is prepared by dissolving 13.3 gm of copper (II)

acetate in 200 ml distilled water, filter then add 1.8 ml glacial acetic

acid. tJ LEJ
2. 1% monosaccharide and disaccharide. s T (i \

=F A= |
Procedure: far e o b el g I,-'_UE J

1. To | ml of Barfoed's reagent add 5 drops of test solution, mix.

2. -Place the test tube in boiling water bath for exactly 3 minutes,

3. Then remove the test tube and allow cooling gradually a red
precipitate of CuyO is formed in case of the presence of
monosaccharide.

Notes:
1, Time factor is very important since prnlung&d heating of di-or

polysaccharide may hydrolyze it and give positive test.

2. The rate of reaction depends upon the concentration of cupriz ions
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4, Selivanoff's test

This test is positive for ketohexoses only and henf.a is used in the _

detection of fructose.,
- Selivanoff's test distinguishes between fructose and glucose.

Principles
Ketohexoses are dehydrated more easily than aldohexoses and

aldopentoses to give hydroxyl methyl furfural which condenses with
resorcinol to form a cherry red colored complex.

OH OH
=0
dil. HCI H

. (CHOH) - = Ch red colourad
( 531,06 Hﬂ&ﬂ—@ﬂﬂﬂ R Erg:r‘m pu[;:{ij _

“H,OH Hydroxy-methyl
Ketohexose furfural

Materials:

;1. 0.05 gm resorcinol in 200 ml dil. HCI (2:1) .
2. 1% aldo and keto sugars.

Procedure: _

1. Place I ml of Selivanoff's reagent in a test tube,

2. Add 3 drops of carbohydrate solution, mix.

3. Place in boiling water bath for (2) minutes exactly or heat over a flame
“for 30 seconds only. Cool the solution.

4. An appearance f cherry red color indicates the presence of fructose.

Notes:
1. The time factor Selivanoff's test is very important.

2. Over heating of the solution is avoided because on continuous boiling,
aldose will also give this test positive because of their conversion to
ketoses by hydrochloric acid. ,

3. Sucrose also gives a positive test because it is readily hydrolyzed

during the course of the test yvielding fructose as one of the products,




Carbohydrate
S. Bial's test

This sensitive test for the detection of pentoses.

Chapter One

Principles
When pentoses are heated with cone. HCI, furfural is formed which

condenses with orcinol in the presence of ferric ions to give a blue green
color. '

H
H
OH), -3 H.
{!:Ha -ﬂ:l an Qﬂlﬂ ﬂmm:; = Blue-green compound
OH FeCls
pentose
Materials

1. 1.5 gm orcinol in 500 ml concentrated HCL. Add (20-30) drops of 10% -
of ferric chloride (Bial's reagent). '
2. 1% pentose and hexose sugars.

Procedure:
1. To 1 ml of Bial's reagent add 5 drops of pentose solution , mix.

2. Heat in & boiling water bath for (3) minutes to get a blue-green color
indicates a positive result,

6. Iodine test
A test to distinguish between simple sugars and polysaccharides,

Principles
Iodine can form an adsorption complex with the helical structure

(coil-like) of the polysaccharide. So it give a blue color with starch, red
‘with dextrin and brow-red with glycogen depending on coil size and

molecular weight, In order to achieve a good result. The test solution

:_
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should be either neutral or slightly acidic but never alkaline, since
alkealine medium react with iodine molecule and dissociate it. :_

31, + 6NaOH ————» 5Nal + NalOj + 3H,0

Red-brown -

Red-violet »

Yellow
YﬂIIuw

n hﬂ arfm;ef;?/ L

Materials
P o

1. 2% K1 . Add few granules of I; to get red color.
2. 3 N HCI solution.
3. 1% monosaccharide and polysaccharides.

1. Place 1 ml of test solution in dry porcelain test tile.
2 dvep tel 6N

2. Add(1-2) drops of 6N HCI.
3. Mix by glass rod, add (1-2) drops of 1. W [

y el (1-2) drops of I, 2dip liddive fei€
4. Record your abservations.




C"ﬂfﬁ.ﬂﬁ}l‘ﬁ'ﬂtg o e e Cﬁaptgf One

Tﬂg: heating, the coil shape of starch expand and the adsnrpuﬂn

‘ complex dissociated into iodine and starch on cooling, the original coil
shape return back and the adsorption complex formed again.

2. Treatment of the adsorption complex with abase e.g NaOH solution™

also disapp?ar the color complex due to the reaction of jodine with

bese to give sodium hypoiodide. Reacidification return the color
complex,

MNalDy + HCl ———— HIOy + NaCl
Sodium jodate

Nal - + HCl —————H] + Na(l
Sodinm iodide

IO, #FHI——— T, 4350

3. The polysaccharides are believed to have coillike structurs in
solution. Todine molecules enter into the coils and make adsorption
complexes which appear in different colors depending on the size and
orientation of the molecules.

Disaccharides

The important disaccharides used in the laboratory are maltose,
lactose and sucrose. They are colorless, m}'s;talljne, water-soluble, sweet
and optically active compounds. They can be readily hydrolyzed by
digestive enzymes or by acids into their constifuent monosaccharide
units.

a- Reducing sugar: n-‘

These sugar contain free functional group [vC -) not form glycosidic
linkage for example (Maltose).
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b- Non reducing sugars:
These sugar cannot contain free carbonyl group (in glycosidic

+ bond) e.g (sucrose= glu. +fru.). _
The reducing power of carbohydrates decrease as the

number of their sugar components increases.

Mﬂltuse.
t is reducmg d]ﬁﬂl:ﬂhﬂﬂdﬂﬂ which gives a positive bencdict's test

but negative Barfoed's test. On hydrolysis it is converted in to their
constituent monosaccharide molecules and therefore show a greatly
increased reducing power. Maltose form osazones with very characteristic

crystaﬂﬁe forms. Maltose is composed of 2 glucose monomers in an o-

(1-4)glucosidic bond.
CH,OH CH,OH
5 H H a8 H
oy | afow  m>
HO
. H OH H OH o
a—D—gluscose a (1 —4) gl cosidic bond a— D—gluscoze

Lactose
It is found exclusively in the milk of mammals. Some time in

pregnant urine specially in pregnancy and period of lactation. This sugar
posses sufficient reducing power to give a positive bendedict's test , so it
form osazone with very characteristic crystalline form (puffs shape).
' Lactose is not fermented h;,r ordinary yeast which serve to distinguish
maltose and lactose by using cone. nitric acid to gnrr: mucic acid that is
less soluble due to containing galactose molecules, jI_n;;mdny of milk by
microorganisims like streptococcus lacticus and lactobacillus acids hilus

which ferment lactose to lactic acid:
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Laclose J=aadio | actic acid
8. Lact

Lactose is composed of 2 glucosc molecule and galactose in an o-(1-4)
glycosidic bond.

CH,OH HUHIDH
|
Y (] 3. H
n CHl>
H OH
H OH H OH
B - Galactose ] {7 - glucose

3 (1-4) glycosidic bond

Sucrose:
Prevalent in sugar cane and sugar beets, sucrose shows no

reducing power. It forms no osazone, These properties are unusual sugar
can therefore, be used for distinguish sucrose from other sugar. Sucrose
gives a positive Selivanoff's test, it is easily fermented by ordinary yeast,
sucrose is readily hydrolyzed under the influence of the appropriate
enzyme or of an acid into its constituent monosaccharide units, glucose
and fructose. Which show marked reducing properties. A non-reducing
sugar which gives a positive Selivanoff's test is identified as sucrose
further confirmation may be obtained by hydrolyzing t!n's: sugar and
showing that t_he; hydrolysate prossesses a marked reducing power.
Sucrose is composed of glucose and fructose through an a-(1-2)
glycosidic bond,

Ay —_—
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i[:;ﬂﬂ = ;

s

a-D- glucose

Sucrose

Test of disaccharides: -
Perform the same test of monosaccharide, then compare with all

the results in table. -

Hydrolysis of sucrose:

Sucrose is a disaccharides composed of glucose and fructose joined
by a-{1-2) P-glycosidic bond, thus lack the presence of free carbonyl
group. The glycosidic bond can be hydrolyzed by the action of acid and

heat to give the two monosaccharides.

. Materials :

1. 3M HCL

2. 1% sucrose.

Procedure:
1. Take a clean two test tubes.

2. The first tube : before hydrolysis. Place 0.5 ml of sucrose,

3. Add 1 ml of Benedict's reagent, mix well. Put it in boiling water bath
(2-3) minutes. Cool under the tap observe the color.

4. The second tube: after hydrolysis, place 1 ml of sucrose, add (1-2)
drops of 6N HCI, put it in boiling water bath (2-3) minutes.
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(3 -4 Ydnf
5. Cool and neutralize with 10% NaOH solution (why?), using litmus
paper as an indicator perform the following tests for solution before
and after hydrolysis. ‘ :

Benedict's

Barfoed's
L o w
o Lc\j WO oddilion Muok [0 wifls Vondid 4ef b
;ﬁﬁ. Neutralization is a very important step since bendict's reagent work
only in neutral or sliphtly alkaline solution.
2. Hydrochloric acid is preferred not to be used in the hydrolysis of

sucrose due to the interferences of chloride ions with the subsequent
barfoed's reagent. |

Polysaccharides:

Mast of the carbohydrate found in nature occur in the form of high
molecular weight polymers called polysaccharides, starch , glycogen
serves the same purpose in animals. This type of sugar contain only one
reducing group for several hundred or mﬁr;.a residue so that they are
effectively non-reducing. The large size of these polysaccharide
molecules is responsible for their relatively low solubility and diffusion.
For the same reason their solution are colloidal in nature and opalescent
in appearance. Under enzymatic digestion starch, dextrin, and glycogen
are broken up. Under the influence of amylase into maltase unit, which
are then acted upon by the enzyme maltase to form 2 glucose molecules.
The acid hydrolysis of starch, dextrin and glycogen, however yield

glucose directly.

e TR i ST
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' T'/H,0 ;
Polysaccharide M Oligosaccharide _H'_% Disaccharide

ﬁ L]
Monosaccharide H ’;H 0

When polysaccharides are composed of single monopolysaccharides
building block, they are termed.
= PN
1. Homo polysaccharides: it contain the same kind of
monosaccharides unit as starch and glycogen which bonded large
number of (o-D-glucose), inulin, (fructose). That found in
articholkee and vine.

De:-n:rusg may be looked upon as an intermediate product of a
polysaccharide nature, formed in the early stage of the hydrolysis of
starch. -

| Polysaccharides composed of more than one type of

mnm}saccharfde are termed.

5 A W
2. Hetero polysaccharides: it contain different kinds of mono sacch.
. Units as vegetable gums like gum Arabic, agar-agar, and pectins,
are examples of hemicelluoses which yield on hydrolysis not only
simple sugar but also certain other sugar derivatives, such usuﬁ{uc

acid (glycuronic and galacturonic acids). Hylaronic acid and
heparin,
Write structure?

e e e ———————— | P e T ——
————— — Lo e e e e e —
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Starch
Starch is the major form of stored carbohydrate in plant cells. Its

structure iy identical to glycogen, except for a much lower degree of
branching (about every 20-30 residues). Unbranched starch is called
amylase, branched starch is called amylopectine which usually exist in
the ratio 1:3. The Emﬂ.ﬂm molecule appears to consist of about 300 units
in an unbranched chain. Amylose forms a clear solution with water. It
' gwes a deep blue color with iodine and it is completlely hydrolysed to
maltose by beta-amylase. Amylopectin on the other band consists of
about 6000 glucose units arranged in a branched chain pattern, each chain
containing about 25 glucose unit. Amylopectin further from amylose in
forming an opalescent solution with water, in producing a purple color
with iodine and in being only partly hydrolyzed to maltose by beta-
amylase. . .;}L; Coloc Yeffow = Jo ol :?y Sresgend”

Acid hydrolysis of starch:

Starch is a polysaccharide contain only one reducing group for
several hundred or more of monosaccharide residues, so that they are
effectively non reducing acid hydrolysis of starch gives the constituent
monosaccharide (glucose) which have a reducing pl‘ﬂpﬂl‘i}’(ThﬂTﬂfﬂrB the
reducing power of stm'a:h. increase gradually with the progress of
hydrolysis, while the ability of starch to react with iodine and form
adsorption complex disappear gradually. Such process is done within
second by amylase enzyme present in saliva or experimentally by acid
and heat as below. A

Starch - Amylodextrin Erythrodextrin -
lodive - e +loe
Lol Y — e _ Ve " Acchromic P_::im
Glucos¢ -e——— Maltose <+———— Acchrodextrin _' 1,_._ i
: W & A
+ 10 e selloio
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Materials

L.

3N HCI, starch solution.

2. 10% NaOH. : g e
3. Benedict's rengent and iodine reagent.
Procedure:
1. Start heating a water bath to get it boiling.
.'ll. Arrange in a rack six test tubes numbered from 1 to 6.
3, Measure 2 ml Benedict's reagent into each of these tubes.
4. Now take 10 ml of 5% soluble starch solution in a big test tube and

add 1 ml of HCl to it. -
Transfer one drop of this solution to porcelain test tile, do the
iodine test by adding one drop of diluted iodine solution. This is

zero time.

6. Start heating in boiling water bath, mix, after (3} minutes.

Transfer one drop of the solution to fresh depression of the test tile

and add 1 ml to the second test tube containing Benedict's reagent.

Perform the iodine test with the solution on the tile and note the
result,

Withdraw similar samples of the boiling solution of intervals of 5,
8, 12, 20 minutes after the commencement of the beiling for the
iodine test and for transference to the series of test tubes containing

Benedict's reagent.

10.Now place all the test tubes containing the Bendicts magént and the

added solution in the boiling water bath for just 5 minutes.

At the end of the period of heating, remove the test tubes to the rack and
allow them to cool spontancously. Note the degree of reduction in each
case and correlate it with the hydrolysis of starch as judged by the

progressive iodine test.

11. Record your result and put it in table.
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Mo redunﬂm

Reduction
starts (+)

Initiation of
reduction (++)

Partial
reduction
()

Completely
reduced

Hﬂtﬁh'rha acidified starch takes about 20 minutes for complete
hydrolysis,

2. Achromic point is that point at which no color is obtained with

iodine. |

3. Polysaccarides have a high M.wt. thal i3 responsible for their
relatively low solubility in water, diffusion and colloidal in nature,

4, Ce]]uiuse, jIlLi.liIL_, disaccharides or monosaccharides gives negative
result with iodine. |

Osazone lest:
Reducing sugar cen be distinguished by phenylhydrazine test when

o ————y

characteristic osazone crystals are formed. These osazones have definite

crystal structure, prempltau-:m nmﬁ and melting point and hence h:lp in

the ;dcnuﬁ-:aunn Dfr&ducmg mgars

Principles

Compounds containing the H EHT —H group form crystalline

Glucose

e —— * A
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opsnzone with phenyl hydrazine. The osazone crystals have characteristic
shapes and melting points which nssist in the Identification of the
reducing sugar. Further evidence for identification’is obtained by noting
the time of formation of the crystals and whether thé osazone is
precipitated from the hot solution or only on cooling this method is
instead of Benedict's and Barfoed's tcsts. Phenyl] hydrazine reacts with the
carbony] group of the sugar to give the phenyl hydrazone, which then
reacts with a further two molecules of phenyl hydrazine to form the
osazone. The formation of an osazone from an aldose is outlined below,
although the mechanism of the reaction is more complex than that
illustrafed. The reaction of ketones is very similar.

,f?ig} - ?Hnwm-cﬁﬂs
%ggﬁ + HpN - NH - CgHs ——+1I:HUH +H,y0
t:,.B} phenylhydrazine n
S phenylhydrazon
CH=N-NH - CgH CH=N-NH-CH
' | TaEe=] | : ok L5
CHOH +2H;N-NH - CgHs—C=N-NH - C¢Hs + CgHNH, + NH,;
| | 08azrone aniline ammonia
R R
Materials

l. 1.% glucose, maltose, lactose solution.

2. Mixture of phenyl hydrazine hydrochloride and anhydrous sodium
acetate (2:3). Then closed to protect of hydrated.

3. Glacial acetic acid.

4. Microscope and ice.

= = {ﬁ} =
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Procedure:
1, In a clear and dry three test tube, add 5 ml of glucose, maltose
and lactobe successively. ‘ ;

2. Add 1 ml of glacial acetic acid.
3. Take approximately 0.5 gm of solid mixture to each tube, mix.
4, Place the test tubes in boiling bath for § minutes with occasional
sheking,
- 5. Tubes for maltose and lactose stay in boiling water bath for (20-
30) minutes.

6. Cool very slowly , examine and draw the osazone.

Crystals under the microscope: compare their shapes with those drawn in
table

lactose




Carbohydrate
Notes:
I. Carefully nole the time when the osazone ls precipitated and also
ﬂmthu it is formed in hot o cold solution, |
2. Mnmusn actually I‘umu white cryatala of the ph-nﬂ:.rl hjrd.rl:znnt at
room temperature, but the yellow osazone separates on heating,
3. Sucrose. It will give osazone test negative,

Chiapier One




Scheme for identification of unknown carbohydrate
' + Unknown sample.
(must be neiitral or little acidic)

iy s

. il . - . : I u

Dark blue "+ Violet ~ Redbrown Still yellow
8t Dtk Clear solution Turbid solution (mornbsaccharides,
- Dextrine glycogen disaccharides. cellulos
Di'anp._nnt- : o
monosaccarides, )
reducing disaccharide, El:r-"-:]ﬂﬂluhﬂﬂ
(fructose, glicose, maltose, lactose, xvlose) - IsUcrose,
' ) : cellulose,
' Lm hydrolysis of disa
REdEPPL .HE éﬁ]g& in
monosaccharide, solution

(peniose, hexose) (lactose, maltnse)

Without ppt. Red pp

i lactose maltoge  cellulose SUCTOS
Yellow Hluﬁigtcm color, a _ﬁ.
No change in color pentose, % 4

Hexoses, lose,

Pcions) ~ ambinose)

P

o change Red 3.k snlution
Jdo-hexnse " (keto-hexosd)
glucose Fructose

e F  —




Carbolydrate Chapter One
Determination Lactose in milk
: CH,OH ,
OH
T ol i
| H
OH
B- (1,4) glucosidic bond
(1-4) D - glucose + D-galactose
Lactose !

Lactose is a disaccharides that is found in milk and is formed
glucose and galactose. It has formula of C;Hy0y. It gets positive result
with Mnlish,'Bcnelu:lict and osazone tests. It is present in milk and

' sometimes note in urine of women pregnant especially in pregnancy and
_ period of lactation. It constitutes 4.4-5.2 % of cow's milk and 7% of
human milk,} it makes up about 2-8% of milk by weight, the stileatial
enzyme called lactose (B-D-glactosidase) cleaves the lactose moleculs
into two subunits, the 51111]:;-11.". sugars glucose and galactose which can be
observed. Since lactose occurs mostly. in milk, in most mammals the

production of lactose gradually decrease with maturity due to a lack of

-.constant consumption. Many people with ancestry in west Asia , India

and part of east Africa have lack for this enzyme. These who are lactose
intolerant, laclose is not broken down and provides food for gas-
producing gut flora which can lead to diarrhea, bloating, flatulence and
- other gastroin testinal symptoms. Lactose is responsible for drink milk as

liquid.

Lactose + H,0 S galactose + glucose

S B m——— L= SRR e it e

gal1-P + ADP

H
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Principle: in this method protein-free milk is prepared by Folin-method.
Then the lactose concentration is determined by Nelson's colorimetric
method of sugars, Cupric jons are reduced by sugars (lactose) to cuprous
ions, which quantitatively reduce phosphomolybdic acid to a blue color
complex.

phosphomol
Lactose + Cu* ~OH , oyt __ybdicacid Blue color complex

Beer's law . This law states that absorption is directly proportional

to the lactose concentration
J'v_’-h. = Ebe ......cc.......(Beer's law)
A = Absorbance.

£ = molar extinction coefficient.

b = cell length.
¢ = concentration in mol / L.

Materials:

1. Fat-free milk, distilled water. .

2, Standard lactose; dissolve 50 mg lactose in 100 mi of distilled
water, add 0.2 gm benzoic acid as preservative.

3. Alkaline copper reagent: dissolve 40 mg of pure anhydrous sodium
carbonate in about 100 ml of distilled water , add 7.5 gm of tartaric
acid with stirring until dissolved. Then add 4.5 gm of copper

.. Sulphate {Cu80,.5H;0) to the carbonete solution, Mixed well and
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dilute to (1 litter) , if n sediment of euprous oxide forms , filter the
solution. '
. 4. Phosphomolybdic acid resgent :-dissolve (10 g) of sodium
. tungestate and (70 gm) of molybdic acid in (700 ml) of (5%)
: sodium hydroxide solution. Boil to remove the ammonia in the
| malybdic acid. Cool and add {-{ﬁ ml) of (85%) phosphoric acid.
5. (0.3 M) H;SO, : add (16.6 ml) of H;S804 conc, Then complete to
(100 ml) distilled water.

Procedure: :
. Place 1 ml of fat-free milk (to prevent form collidol precipitates )
in (100 ml) volumetric flask.
_ 2. Add (2 ml) of (10 %s) sodium tungestate solution.
¢ 3. Add slowly and with constant shaking (2 ml} of (0.3 M) HySOs,
make the mixture up to the mark and allow it to stand for 5
nunulas then filter the mixture through a whatman No. 42 filter
paper. ' _
4. Complete as this tai:ie:

Distilled water

Standard lactose

Alkaline mppnr anlutiun
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Chapter One

5. Mix well, allow the tube to stand for 1-3 min, !

~ 6. Then dilute the mixture with 25 ml of distilled water the blue color
is formed. ' '

7. Read absorbance &t 630 nm.
8. Record the results,

Calenlation:

. ODofunk. —ODofblank . 0§ 100"
Lactose concentration — = ¥ :
= SDofst — ODofblank — 1000 % 0.01)

mg/ 100 ml

il

Motes :

1. The volume is (0.01 ml) due to take 1 ml of milk diluted to 100 ml
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Maillard reaction:
Also kmown as the browning reaction, is the phenomenon

responsible for tuming meat brown and converting bread to toast, along
with hundreds of other example.
The Maillard reaction is named for Louis-camille Maillard (1878-
1936) French-chemist and physician, who first described and studied it in
the analysis of food chemistry and the science of browning as a part of his
phD thesis which was pubhshaad in 1913 for this work he received
aavnm] a wards including the French academy of medicine award in
1914, Lately, it has been found to play a key role in many health-related
dssues, It is now associated with diabetes, ageing and cancer,
i The Maillard reaction can be a complicated bit of biochemistry, but
what's most important to- Jmow is the effect it has on foods and other

protein-based technologies.
. There are two major categories of browning that oceur in- fm:n:ls‘

Enz}rnmhc'h browning is chemical process, involving
pnlyphmﬂn:ﬂdase catechol oxidase and other enzymes that creat
melanins and benzoquinon form natural phenol, resulting in a
brown color,| also requires exposure to oxygen, thus the browning
- that occurs ' when an apple, for example, is cut.
7+ Non-enzymatic'is a chemical reaction between an amino acid
reducing sugar. The sugar interacts with the amino acid producing
a variety of odors and flavors. Which it is responsible for heating
‘or store along time of milk, due to damage of amino acid and
harmful effect of milk products| Also toxic impact of Maillard
reactions not only damage and loss amino acids but also appear
intermediate compounds, that is responsible for many colors and
flavors in foods:
. = The browning of various meats like atca!s:.
- Toasted bread.
- Biscuits..
-* Dried or condensed milk,
'~ French fiies.
- Roasted coffee.
- The bumished surface (crust) of bioche, cake, yest and quick
breads.

et S * [ s e

and
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- Chapter Two
Proteins

Proteins are pulymmﬂas and have high molecular weight above
5000 Darmu. also d lhay are cnmplca{ mlmgamm composed amua!iy of '

20 a-amino acid residues, All microorganisms, plants and animals contain
the same 20 o-amino acid,

H 1
Hﬂq—'ﬂ,ﬂ—ﬂﬂﬂﬁ

W ,
They constitute a major part of the living cytoplasm of cells, Although
plants and many bacteria are capable of synthesizing proteins from simple
organic and inorganic nitrogenous compounds, the higher animals have,
for the most part, lost this power and therefore they depend, for the
continuance of life, upon the proteins or the amino acids synthesized by
plants.

Proteins composing 50-70% of the cell's dry, provide an organism
with H, C, N and S,

All protein contain nitrogen. This fact distinguishes them from
most carbohydrates and fats, Proteins also contain carbon, oxygen and
hydrogen and a smaller quantity of sulphur, iodine and phosphate.

Proteins as linear polymers of a-amino acids in which the carboxyl
group (COQ") of one amino acid linked to the amino group (-NH3") of

another amino acid by peptide bond {—Leﬁi].
|7
HN—C—C— ©

[

0 - amino group R « — carboxyl group

o - amino actd




f‘r"
4 1

R R,
- ]{EH—*é-—CE}DH +H,N é COOH "—Qi-H;N—l!} i—cm:m'

S —

The almost infinitive number of proteins which occur in nature
however, show certain common characters which help to distinguish
them from other substances: '

1, All pl'lJtElIIE form colloidal solutions of the emulsion type, which
are usually opalescent, and from which the proteins can be

. prmplt:at:d by[a variety of reagents
' 2. Proteins give a number of color reactions due to either the
existence of certain amino acids in the protein molecule or to

‘special chemical groups as associated with molecular structure of

3. Gives absorption on U.V spectrum so, they have aromatic amino
acid at wafclcngth = 280 nm.
_:Prq:;{éin may act as an enzymes, hormones, muscles (action and
.;nyusiq}; structural function of cell wall o ele

es of proteins: " 5 'H "
Types of p v - |
L. SM]{E as aihun‘.un, globulin, gﬂIﬂIlﬂ, and prolamin, A 2

e — e,

2. Conjugated proteins compounds proteins ins which are bonded with

¥ r._‘_-_‘—_-
(non proteinous) compound as lipoprotein, glycoprotein and
5 _._H_‘— — e
. nucleoprotein.

T A
3. Derivative proteins: | this type result of some nature and chemical
factors so can changes the mature structure but still keep the

i e |

muc:ﬁ-:; characters as pepton. e 2
Aoy —-_|_-_I'__|—\_‘_\-‘. ﬂ,_,n—ﬂ r}'!r;’_‘)_lj lf.'-?-'l ..-"r.
Lyl
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Separation of proteins:

Proteins can be precipitated by a different source using the physical
methods instead of chemical methods to prevent denaturation like

1. High conc. of protein, |

2. Temperature.

3. phL.

- The proteins are usually characteristic of the species and often, of
the specific organ in which they are found, therefore, protein as a class
exhibit much greater variety in chemical composition and properties than
do the carbohydrates or than lipids. The almost infinite number of
proteins which ocecur in nature, however, show certain common

* characteristics which help to distinguish them from other substances.

Some important definitions:
E‘,:i: 1, Denaturation: it is a process in which proteins lose the tertiary
: s ulnd
3 ¢ and secondary structure 'which is present in their native state, by
I g = '
3 Lo

¢
’rw’”f:”
A

I::;-F

apﬁ[il:atiun of some external stress or compound such as sirong

acid or base, & concentrated inorganic salt, an organic E”E.“ﬂ or

i e
—

heat. In denatured pﬁ:ms can exhibit a wide rﬂng;_ of
sl —

' characteristics, from loss of solubility to communal aggregation.
The most common observation in the denaturation process is the

precipitation or coagulation of the protein

Some of process denaturate proteins is:
i Physical: such as temperature, pressure, freeze, x-ray,
ultraviolet and ultra sound.
2. Biochemical ; some enzymes hydrolyzed proteins.

3. Chemical: the degree of pH . organic solvent and some

chemical substances.




-y —— =

1

- I.ﬂmlnn nelds: it s a smaller bullding unit of peptide and protein

structure, The alpha amino aclds consist of a carboxylie (-COOH) and
amino (-NH;) functional group attached to the:same tettahedral
carbon atom. some of characters colorless soluble in water and less in

alcohole and insoluble in cther.
H

— C—COOH
H;N ”T cnul

R

{3, Zwittnr jon;:the amino acids exist in nevtral solution or inside body as

_:-..-_::_——== e e

&

solution negative charge.

doubly charged ions kmown as zwilter ions, and not as unionized
molecules. '

F o VIR ’

R"'C.H\;\ "‘_""H‘_ R-CH\NH ._Iﬁ.}_?’.. R—CH
_ NH;* y B SNm,

——

So this ion in acid solution positively charged and in alkaline

the protein molecule does not migrate to the cathode or to the anode
in an electric field. At this pH, the protein molecule exists as zwitter
ion. At the isoclectric point, the precipitation of p:ﬂr:in is makimum
i.e,, in other words the solubility of proteins is minimum. At fhe
isoelectric pH, the electrostatic repulsive force which normally
prevents the protein mnla-:u'lea. coming fogether is |:';:Lnimum as &

result of no net charge on the protein molecule and hence give rise to

] _.'
A x5 l.] :L--.--" -
] ¥

- - = . oS . ‘
7 P I > L — L
AN RS T P TRl P o B o (A5 mmat’ Car

Pﬂ{ PrC¥eate
Ml Solle: e cvsge
. Iso electric point (IP): iso electric pH is defined as the pH at which
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maximum precipitation, IEP casein =5, Gelatine=7, Keratin =6 ,
phosphoproteins =4,

5. Albumins and globilins: albumins and ’ globuling ofter eccur
together, as in blood serum, in egg white and in milk. They give all
the ordinary precipitation and color tests of protein but their most
characteristic pmp-ert}r is that Ihe;n.r arc heat l:.ungulabcl

:"Pliill'l-. dﬁﬂ.ﬁq‘i& '.-:__

kit I-lr -.1

It is ﬂbtamad b:,r half :a.aturahnn nf |
| (FH,),S0s. ammonium sulfate,

-
1

It is-in soluble in water but soluble in |
dilute mineral acids and salt solution.

‘.E‘t i5 soluble in water.

i1t is a smaller molecule having more

It is bigger molecule with less charge.
charge.

[In isoelectric point field it travel faster | Due to its big molecule and less charge

| than globulins. it travel slowly in iscelectric field.

6. Phosphoproteins: they are conjugated proteins formed by the -:n:-gzl.nic
union of the protein molecule with phosphoric acid. Casein of milk
and vitellin of egg yolk are example of known phosphoproteins.

. Casein occurs in milk as colloidal complex of its calcium salt. It is
precipitated from milk by acidification with acetic acid. Maximum
precipitation of casein ocours at its isoelectric point at pH = 4.55.
casein is rich in tyrosine, arginine and tryptophane but loss cystine.

7. Scleroproteins : they are simple proteins which form the chief
organic constituents of skeletal tissues such as bones, cartilage
tendon, skin, hair and nails. Scleroproteins we insoluble in neutral
solvents, water or dilute acid and alkali. These proteins can be

classified into two subdivisions:




n-Collagen: present in cartllage, tendon, bone and teeth. It is
insoluble and indigestiblé. On bolling with water, it produces glue
like substance. 4

b-Keratin: present in hair and nails, It is insoluble in all neutral
solvent and it is indigestible, Keratin is rich in sulfur containing
amino acid cystein, phenylalanine, and tyrosine, Bolling keratine
with 40% WNaOH converts the organically bound sulfur into

inorganic form.

. 'tg * Gelatin: uncomplete animal protein it is digestible, it lack many

essential amino acids such as tyrosine and tryptophane. Gelatin is rich

in glycine , prolin and hydroxy proline but few in cysteine. It form in

::unna:ﬁuu tissues, bones and skm :

e .E]}rcuﬁrniains: they are conjugated proteins composed of strongly

e ~bound carbohydrate groups other than nucleic acids into the protein
molecule. Mucin is a well-known member of this group. It occurs in
the mucous secretions of the digestive, respiratory and the genital
tracis. The carbohydrate units present in the mucin molecule have no
free reducing groups and therefore mucin does not give positive
Benedict's test. When heating mucin sample with mineral acids,
h}tﬂr olysis of mucin oceurs and reducing groups of carbohydrate units

-~ are released and therefore Benedict is (+ ve).

' ' W TR Apy e\
] Spash, b = =
Somg: specific properties of proteins: - prafedin

siv elidd

#  The Heat coagulation property of albumin and globulin is most
| marked near the isoelectric point of protein (pH =5.4). This fact is the

‘basis for the detection of albumin in urine and also for removal of pratein
"—-.-':'--':'1- — J—':'-'.r | -J' r'—.*-'

from solution.
l.llllr ) f r. F |I Ilrdll_..




Materials:
1. 1% Albumin.

2. 1% Gelatine.

Pru-:.‘,:aﬂ:l.l'ﬂl
1. Place 1 ml of albumin in test tube.
- 2. Place | ml of gelatin in another test tube.
3, Heat the upper layer until boiling.
4. Record your observation,
a- Coagulated albumin which indicate denaturate it.
b- Gelatin is soluble,

Some color tests for amino acids and proteins:
1. Elementary composition of protein: all proteins contain nitrogen,
carbon, oxygen, hydrogen and a smaller quantity of sulphur,
phosphste and iodine, |

e

Materials:
1. Powder albumin.
2. Red litmus paper.
3. 40% NaOH. '
4. Lead acetate.

Procedure:
1. Select a narrow pyrex test tube, which is clean and perfectly dry,
place a very small quantity of powdered protein in it. :
2. Place a piece of moistened red litmus paper on the upper part of the
test tube.
[5‘;', Heat until you get a smell of burning hair.

§ i f

— .
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..The red litmus paper turns blue. The charncteristic smell and the
change of the color of litmus paper due to the evaluation of
' ~ammonia from.the heated protein, This indicates the presences of

s — e —

nitrogen in the protein molecule,
5. The moisture on the upper part in fest tubo is duc to the
mndensa_tl_un of water, which indicates the presence of hydrogen
nnclmq.rgenmpmtm
" 6. The chairing of the heated prutmn demenstrate the presence of
m:hﬂ-nmpmtﬂn.

( 2. Test of sulfur:
1. Place a small quantity of powdered albumin.

2, Add (1 ml) of 40 % NaOH solution boil gently about 20 mir.
* 3. Add a drop of lead acetate solution. A black or brown ppt. indicates
the presence of sulfur in the protein molecule. J-' '

' Note:

On heating the protein with NaOH some of the organically
combined sulfur present in the protein is converted into inorganic sodium
sulfide, this reacts with lead acetate producing black precipitate of lead
sulfide.

!Nﬂzﬂ i Ph{DCﬂCH;}: » PbS [+ 2Na0,CCH;
f3 Emretgg E:..-LI--l'_I"ﬂ-‘—LEJ‘! . }aﬂ%ﬁ i
: : Eluret test is given by all compounds that contains three or E’:_,Wf’ F’j

more peptide bonds, Since proteins are polypeptide, hence it is a
PR i iy
general test for proteins. All proteins contain large number of

peptide bond when a protein solution is treated with cupric ion

= — E—— e — A

o ST

- — %E?v — e
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Cu" in o moderately alkaline medium (Biuret volution) n colored
coordinate complex is formed between the Cu'? fons and the
pq‘hliﬂn bond present in the protein, A positive testindicated by the
formation of a pink-violet to purple-violet color. The intensity of
the color produdéd is proportional to the number of peptide bond
availabel for reaction,

Amino acids and dipeptides cannot give the reaction (still .
blue color). The name of the reaction is derived from the ntga-:-u_:::
compound, Biuret , which gives a positive test with this reagent.

\
>

aF

P

“IN—C
’-'-*'ﬁ'c\ H’f %
NH
E ' o @Eiﬂ:ﬁ:ﬁe&j
(Popide oo vold G
-:‘}.n: fad ¥ II F;IE 12 J::’.t.’lll'
a- Urea : ' Joond

Formation of Biuret and Biuret reaction.

Plac& (0.2 g) of urea in a dry test tube, heat very gently just above the

m.p and note the production of ammonia. After 1-2 minutes the liquid
suddenly solidifies with the formation of biuret.

tﬁ "ou 0 i

HoN~—C—NHy + BN—C—NH, 180°C 8 f 8 xp, o

T e ]
P e -ﬁ- Ty e
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Dissolve the solld resldue In few ml of warm (10%) NaOH
solution, cool and add (1 drop) of very dilute copper sulphate solution, A
+ . purple coloration Is obtalned due to the formatlon of complex between ,
copper and two ~CONH- grops.
h-ll’l"ﬂhlhil

Materials
1. Biuret solution (0.5 % CuSO, + 10 % NaOH).
2, 1% white egg albumin.

3,1%gelatin, U U
4. 1% amino acid.

|I—.. f"li‘f‘l-nul (L - A -'!q
i fhﬁ-}.ha“ § s Nea'h
F{quduru. | AV TRE S ity B
1. Prepare and label four test tubes. *’:Jf_r* op”
3 I-""" o
- 2. Place Iml of test solution in cach test tube. &l L= Law

3. Add 1m] of 10%% NaOH, mix.
o

4. Add drop by drop of 0.5% CuS0O, , mix
3. Note the colors produced.

“ - MaSay et

Hntu,”_, {":f_._______,i,f_' fog, 4 Mol — € Eotl)y 4 e, Ly
1 ,m.rmd the excess of CuS0y, since the blue color of Cu(OH), that

fmmdﬂ will interfere with the vmlut “Eﬂﬂk color of Ehu:et dus to J r

f LEEFuTzuun between NaOH and CuSO,, ke
' - sibase Al s 150
2. Peptones give a pink color. - de L AT i

o | 3@697’1'35 ive a very light pink color and gelatin gives violet-blue
I calor (diie to high number of peptide bonds),
> 4. Amino acids and dipeptides cannot give the reaction still blue

-
-—




This cbservation indicate that the color produce depend on the
mumber of peptide bonds,

Ninhvdrin test:
,_;:5’ Ninhydrin (trlkﬂtuhydnndma hjdrate} is a general test fur
f_u__pmtei:us and for all pm-d*ucts of protein hydrolysis including a-amino
_.i acids. Ninhydrin is a powerful oxidizing agent which oxidizes amino
=7] scids producing CO; NH; and aldehyde. Then ninhydrin and
%’ hydrindentin react with NH, forming a blue color complex.

H z RCH{:!_'* NH; + CGI

..!I" rls
¥ ; Jrﬂnwn:.p"’ = (v Frdine
Felfar

3 f’@_’f | ,,_1_‘ < 31—11E}
H‘H‘H

Color complex

This reaction is essential for quantitative determination of amino

- i

acids by using colorimetric method.
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Materials:
1. 0.1 % amino acids and 0,1% tryptophane.

- 2, 0.1% proline. '
3. Albumin solution (egg white),
4. Freshly prepared 0.2% ninhydrin solution and put in brown bottle

reagent.
Efﬂl )/'..éfpm

Procedure:
1. Prepare and label four test tubes.
a- 1 ml protein solution.

'b- 1 ml amino acid solution, allpedin il

I‘-"*"-':""""':'"l "-..-.,—hJu"tJl'_:' f-ﬂi".:'.-.

¢- 1 ml proline. th fai
isti -3 ::--J -5 -1"-.‘- =5ga
d- 1 ml distilled water. & Fiy g rhduprae

2. Add 2-5 drops of freshly prepared 0.2% ninhydrin solution. . |
3. Heat in boiling water bath about 2-5 minutes or boil for 1 minute

directly on flame.
4. Allow to cool, a blue color is produced
L O Daee TR @a&am :
e Vel o : o= e s
Notes: %) MM\& ' T s

1. The solution to be tested must be between pH = 5-7.
j _)th}rdrm is reaMIuhle in water but its solution is not

e
£

stable for more than two days therefore must put in dark place.

3. This test is positive for proteins and for all products of prdtein

hydrolysis including amino acid;
4, Most amino acids give the same color, except proline and
. 0lu
‘:&‘__7 _ hydroxy . proline makes a pale — yellow product with ninhydrin,
: This is due to the fact that proline is an imino acid instead of

o h&wng tmtﬂhﬂnal a-amino acid structure, _ o

i

-= et
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5. Millon’s test: = v
This test is apauiﬁﬁ for tyrosine and is an indication of the

presence of tyrosine in the protein because tyrosine is the ‘only
amino acid containing hydroxy phenyl group. ( +{/¢)

Millon's reagent containe Hg ion which forms red color
complex with tyrosine. If the unknown is protein solution, a red _
pmr;ipitntewIHbafunmd because heavy metal (Hg) are

T RT3 pmclpltanng agents, while if the unknown is tyrosine a red color
aulu'l:mumullbe formed. .'.'!.rl‘_',‘:t-"“-“'-‘-‘“‘- 3_3 Jlr"ﬁ""ﬂ '_Ij 5

A — ,r_.,;-"_ﬁ't.ﬁ.':ﬁa-*

0
H; H S S
/ HO e =0 +Hg/HNO;— = HO H —COOHg'
s — NH;" Millon HE}IIITH H—‘HG
L -

el R

Material:

1. Millon solution (I volume Hg + 2 volume HNO; + 2 volume H,O).
2. 0.2 % tyrosine. € aA g
3. 0.1% alanine. " |
4. Egg white (albumin), ik

g
F] i

' =1 ~ T
i _l_r. .fl,:_ilﬁl_ﬁ_,-l.r_!- 2

] '
Procedure: '-k. .[I ( rj'
i. Prepare and label four test tubes. iy i -
a- 1 ml tyrosine. s b 5
b- 1 ml alanine. = o
¢- 1 ml albumin.
d- 1 ml H;O.
2. Add(3-5) drops of millon's reagent to each test tube, mix well.
3, Heat gently in boiling water bath for 5 minutes.

4. Record your observation.

{% e e
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Nntes:'
1. Excess of chlorides interfere with this test by combining with the

mercury of the reagent,and rendering is inert, This test is therefore
never used for the detection of proteins in urine.

3. Millon's test will be conducted with one compound which is not an
amino acid nor a protein. This compound is salicylic acid which is
simply a 2-hydroxy benzoic acid. This compound is tested with
millon's reagent.

COOH

OH

3. Gelatin gets a negative result with millon's test because it has little
tyrosine.

4. This test can be easily performed on solid proteins also, suspend
the solid protein in a little water and then carry out the test as usual.

The solid particles will tumn red.

6.Sakaguchi test: Loveriuime )

This test is used to detect arginine amino acid. Arginine is the
only amino acid containing the guanidine group, which react with
a-naphthol in alkaline medium. The product of condensation is then
oxidized by the oxidizing agent such as bromine water to give a red
mlcér complex, which indicates, presence of arginine.

NH H
'.k_:ﬁ“[ﬂﬂﬂs g-—EGDH Bromine water, NaOBr i Hl’.l:ghf red
NH,” Alcoholic @- naphthol ~ Color Complex
R NH; "'I.*r T 3 o
ﬁjﬂﬂidiﬂﬂ group ¥ Ll ] . .
! s

A

¥ o N
= ?;:‘.':nh""‘"— L Ay
1 lll
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Materials:
1. 0.1 % amino acids (arginine and glycine).
9. 10% sodivim hydroxide.
3. 1% alcoholic a-naphthal.
4. Bromine water (5-9 drops liquid bromine to 100 ml H,0).

Procedure:
1. Prepare and label three test tubes:
a- | ml of arginine solution.
b-1 ml of glycine. -
c- 1 ml of D.W.
2. Add (Bﬁdmpa of 10% NaOH to all tubes, mix.
3. Add (3) drops of alcoholic a-naphthol, mix.
4, Add drop by drop of bromine solution,
5. Bright red complex indicates the presence of arginine.
6. Record your observation.

Notes :
1. Avoid adding excess bromine because the red color might fade
Ny FRIER e

-

; away.
.~ 2.Bromine give very nasty bum if spilt on the skin.
3. This is a very sensitive test for free or combined arginine since all
" known pmtciﬂ contain sufficient amount of arginine to give a
positive Sekaguchi's reaction this test may well be used as a
general test for proteins.

7, Xanthoproteic test; 41+ Fievs H,I' == -+

Amino acid containing an aromatic nucleus form a yellow
nitro derivative on heating with cone, nitric acid. The salts of these

derivatives are orangs.

e e ar ot P —5{43.— =
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Materinls:
l. 1% egg albumin,
2. 0.1 % alapine, phenylalanine. , 4
3. 0.1 % tyrosine.
4. Conc. HNO;.'
" 5, 10 % NaOH.

Procedure: i |
1. Prepare and label three test tubes:

a=. 1 ml ﬂlfﬂ:[ﬂni.ﬂﬂ- ‘ e | Vi e, !r:;.; ‘\, M eaaa
b-'1 ml of tyrosine . e
" ¢ 0.5ml of egg albumin,

2. Add 10 drops of conc. HNO:.
3. Heat the test tubes 3-5 minutes in boiling water bath and observe

the color change.
4. Add NaOH to make the solution strongly alkaline.

5, A yellow color in acid solution tum to bright orange with alkaline

because a nitrogen added to aromatic ring.

‘Notes:

1. Proteins that contain significant level of tyrosine or tryptophane

produce a yellow color in this test.
The aromatic ring of phenylalanine does not react with nitric acid

under condition of the test.
'd..Hq_E-kin_ cole test: 4 L’}irpﬂ{“f? A"“"‘
- This test is used to detect the presence of tryptophane which
contains an ;n_};inle ring, which it reacts with glyoxylic acid in the presence

of cone. HaS0, to give a purple ring.

— e
e

___.___. A
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H, .
. %—E—D s H{)——E—C—H_ H)S04 - Violet ring
h—ﬂ-u'flf.l\ {-‘w"-"

% fls Goid it
o

~ Materials:
1. 0.1 % tryptophane.

2. Protein solution.
3. Glacial acetic acid.

4, Pure conc. H;S0;. Fiol AV s loPheng sy ot enal ol
ek ﬁll ““““ | ﬂ:#: L |
Procedure: Aot \oy duep

1. Add 1 ml of test solution on test tube. =%

2. Add 1 ml of glacial acetic acid.

3. Add drop by drop of cone. HySOy carefully down the sides of a
sloping test tube without mix.

4. A purple ring formed at the junction between layers of fluid, on
shaking, the whole solution may become red.

{
.S ] b \
MNotes: i o

1 Glacial acidic acid usually contains some glyoxilic acid as an

e meumiy, therefore it is a suitable source of glyoxilic acid in ﬂ:us
test.

"

2. Hy80y used should be pure, otherwise no color will develop.

ey

e
e

3. This test is due to the presence of indole ring in tryptophan.

9. Cystine, cysteine test: { f::_. ‘! J|

This test is done to detect the presence of sulfur c{}nmuung ammu

——T

acids such as cysteine and cystine.

e s i i o e —
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By boiling the sample with 40% NaOH, the organleally combined sulfur in
the amino acid or protein molecule (which contain cysteine or cystine) is
converted to sodium sulfide. Brown or black precipitate (PbS),is formed by
the addition of lead acetate solution.

&

zm—CHrcH—c,l.—d ) §—Cl— én_&_‘j
NH;* o l———ﬂHl—{[':HT(i‘F}'—D
Cystein NH; " g
Cystine

Cystein or Cystine + 2NaOH ———=Na,§ + ROH + H;0
A

Na,§ + (CH;COO0), Pb ——— PbS|+2 CH; COON

Lead mﬂp]ude
My e '—*"‘ =
= o W
Materials: :

1. 0.1 % cysteine or cystine solution.
2. 0.1 % glycine solution, ﬁ}“’ :
3. 40 % NaOH. <
4, 0.1 N lead acetate. 4 M/’-”E’MH i g

uf leadl mictete

Pracedure :
1. Prepare and label three test tube:
a- | ml of amino acid containing sulfa hydryl group (-SH) solution.

b- 1 ml of glycine solution.
c- 1 ml D.W,
" 2. Add 5 drops of 40% NaOH for all tubes.




3. Boil for 3 minutes then cool.
4. Add 1 ml of lead acetate solution.
5. Report your observation, '

Notes:

1. Wool, hair and fingernails give a marked reaction albumins from
eggs, milk or blood serum also give afairly good test, Eas.em of
milk containes less of cysteine and cystine and therefore does not
give a marked reaction.

2.The sulfur of methionine is not affected by this reaction, why?

Precipitation of proteins
When proteins are dissolved in a medium such as water or dilute
salt solution, their colloids particles will camry on effective nepative
electrical charge. Neutralization of this charge brings proteins to the
isoelectric point (IEF). The type of precipitation is :
1. Precipitation by heavy metals; at (TEP) maximum precipitation of
proteins takes place and the protein particles bear zero net charge.
Salts of heavy metals like iron, copper, zinc, mercury, silver,
.....etc, are very suitable for this purpose. The precipitation of
proteing by salts of heavy metals is also due to the formation of

insoluble compounds of proteins,

Note:
Addition excess amounts of salts of heavy metals solutions to

protein solutions may lead to positively charged protein particles and

hence, these particles may become dissolved again,
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Proteins are precipitated from solutions by salta of heavy metala

probably by combination of the metal fons with the anionic form of the
protein. On the alkaline side of the inoelectrlo point proteina exits as

negative ions.

Materials:
1. Albumin solution,
2. Salts of heavy metals (Hg;Cls, CuSOy and FeCly).

Prnu:ﬂlnre:
1. Place (2) ml of albumin solution in a test tubes,

- 2. Add drop wise solutions of heavy metals as lead acetate
((CH,COOQ)Pb), mercuric chloride (HgCly), cupper sulphate
(CuSOy) and ferric chloride (FeCl;) until maximum precipitation
occurs in it

3. See the turbidity of solution and white colloid precipitate.

MNote:
‘We tan make use of this phenomenon in treatment of lead, mercury

or any heavy poisoning by using egg albumin or milk to precipitate with
. heavy metal and then reduce the absorption form intestine.

2. Precipitation by aleohol:
Alcohol are dehydrating agents and precipitate proteins from their
solution, so increase the interpenetrate between protein molecules with

each other. This ppt. dissolve again with distill water.
Materials;

1. Albumin solution.
2. 95 % ethanol,

e P T T e S T




Procedure t
1. Place 1 ml of protein solution in a test tube.
2. Add 1ml of 95% ethénol drop by drop, '
3. White gleaming precipitate of protein will be formed .
4, Add 2 ml of D.W, note the precipitate is dissolve,

3. Precipitation by neutral salts:

When high concentration of inorganic salts are present in protein
solution, the solubility of the protein is reduced leading to its
precipitation. This happens due to the ability of the ion of salts to
become hydrated (to bind water and therefore to compete with the
protein molecules for water.

Concentration solution of neutral salts like ammonium sulfate,
sodium sulfate and sodium chloride are used to precipitate proteins
from solutions.

When a solution of two substances which differ in their solubility
in water are mixed with each other, then an excess addition of one of
them causes removal of water (dehydration), and this will cause
precipitation of the other substance,

For example, if albumin and ammonium sulphate come in contact
together on addition of excess of ammonium sulfate will cause
removal of water from the protein solution because the affinity of
ammonium sulfate to water is more than the protein, so the protein

will be precipitated and the process called salting out .

Salting out :It is the process in which the slightly soluble substance is
precipitated from its solution when more easily soluble salt is added to

the solution.
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Materials:
1. Albumin solution.

P

2. Solid ammonium sulphate. .

rocedure:

1. Place 1 ml of protein solution in a test tube.

2. Add powdered ammonium sulfate (NH;),S0, and mix .

3, Keep adding this salt until the solution is saturated with ammonium
sulfate, notice a white precipitate of protein is formed.

4, If you add water, the precipitate will disappear due to decrease of
concentration of the dehydrating agent (the ammonium sulfate).

4. precipitation by alkaloidal reagents: The addition of an acid to 2

- protein solution causes the prute:m particles to acquire a positive

charge. Proteins are precipitated from the solution by combination
he-l.ween the acid anions and the positively charged protein molecule
by forming all insoluble complex. The alkaloidal reagents precipitate
| proteins by combination of the acidic radical of the former with the
cationic form of the protein, which predominates when the solution is
on the acidic radicals of the former with the catiopic form of the

. protein , which predominates when the solution is on the acidic side

of the isoelectric point.

Alkaloidal reagents iuc;lude [picric acid is 2,4,6 trinitrophenyl,
tannic acid has a formula Cp0s04.  Trichloroacetric  acid
ClCCOOH, sulfosalicylic acid (S.S.A) has a formula CqHgOeS

phosphotungestic acid H;PW 20y,

Tannic acid and picric acid are used in solution for bums

treatment - because they are safe. They prevent the growth of

microorganisms by precipitating bacterial protein as shown below.

e ————————— e — e
— e
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When pH of a protein is below isoelectric point, the net charge of the
protein is positive. The protein will now act as a base and can salts

! with added acids.

H

R —ﬁ—"ﬂ’ <+ Plemte R—(C—COO0H

M'Ij.* + HyN—PFicrats
Materials ;
1. Dil. Albumin solution,

2. TCA trichloroacetic acid.

Procedure:

1. Place I ml of dilution albumin in a test tube.

2. Add drop by drop of TCA. A white precipitate will be formed.

3, Add excess of TCA will dissolving of the precipitate . '
Notes:

1. This method is used to detect proteins in urine, - _

2. Excess reagent should be avoided to prevent redissolving of the

precipitate. |

5. precipitation by acidic reagents: We can use coneHNG; to
precipitate protein due to denaturations so, this method is used to detect
protein in wrine.

SE]IEEIHJE nf aminu acids and
T T e TmuT T i

nrotein tests re:mlt

ST TR 1l|n-

-Hl

1. "“JI

R S '.LJ




General scheme for identification for unknown amino acids and proteins

unknown sample
. Biuret 4 test
+ Ve ; . -Ve
. Protein,albumin,globulin, gelatin . L+ Amino acid or nonproteine compound
: g Ninhydri 4
Heat nnTw.Emmnu | E@ E:.Lﬂmm
h _ |
-Ve + Ve
- Ve +Va . ; - ,
Gelatin = | albumin,globulin nonprotein compound Amino acid
m%ﬁuﬁ cole :.i saturated e S i
- Ve I ._. (Arginine ) Sakaguchi ———
- Ve . +Ve ; n“_‘.m.wnﬁu ___En for m..&..ﬁ[l
Albumin globulin * (Alaning’) Xanthoprotic
Full saturation (Tryptophan ) Hopkincates
'Other amino acid ——

(Yellow) proline — |

-



Determination of protein concentration
M:t;mds I:I-f quantitative measurements of protein
H fo
1. Fﬂlm r:inulteau method: It h&'s ‘sensitively about (25 — Sﬂﬂ'} pg for
low concentration which is ﬂ.ppl}l' for tissues or plants

—_—

2. Biuret method: Tt haé sensitivity about (I — 20) mg for high
w T a L
concentration , which is used for determination protein in urine and

blood
_':.____--'
I .
3 I‘th}rdrm mnthnd; This method usage for nitrogen in amino group.
A]sn for quanntauve detemunauuu nf amino acid. Not all amino amﬂs

glve exactly the same mtmmlg ot cu]ur and this must be allowed for
m 2 any calculation . the imino acids proline and hydroxyl pm]me give

e e} e — e —

‘a ynllnw color, so these are read at 440 ru:n

i,

.-—'—'_

4 Spectrnphuthetrln mnthnd T;.rrnsme, and Tl'}fptﬂph:an absorb at
275 nm and 280 nm and so proteins containing These amino acids will

T ——

also absorb in this region. The specific extinction me.ﬂ’mmnl R |
-n_-——l-'-_'_'_‘ .
varies according to how much of these amino acids are present in the
particular protein. The values found in practice range from 5 to 60 ,
although many proteins have a value close to 10, that is 1 mg/ml of
protein gives an extinction of 280 nm of about 1| when viewed
through 1 cm light pﬂ:ﬂ':l. The disadvantage of this method is that many
other compounds absorb in this region, particuiarly nucleic ac.ids

whmh have a peak at 260 nm. PU.I'-E pmtams have a rﬂtlu :::E‘ahsnrpunn
at (EEU nm [/ Eﬁﬂ nm) of about 1.8, whljc nucleic amds hm.:g a ratio nf
0. '5
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_,:r sieldal's method:

: -ﬂ_lrpmtmn contain nitrogen, the averagde content being 16%
nitrogen dctamlunatmna are therefore ofter” carried out to estimate
1'llzr.-l'lljt-.si]:l;s g!ﬁﬁﬁ;;ﬁ\fﬂlj’.

Kieldal's method determines total nitrogen Protein is
digested with concentrated sulphuric acid in the presence of mtalLEt
mv:lmium dioxide, copper sulphate or potassium mﬂphat?, to
yield inorganic ammonium sulphate which treated with sodium
hydroxide to yield-ammonia, which also treated with cone. HCI of
known concentration from this information we can determine the

nitrogen in the sample.

=

=

Organic -4, 804 o O, + H,0+ NHHSO
i, FEL - OO0 NGO

F

-

! e “a ar -

= ;
W

-

Folin ~ Ciocaltue Method : 1
* Protein reacts with the Folin — Ciocaltue reagent to give a colored

. complex. The color 50 formed is Mﬂﬂf the alkaline

1 T

yp— [T

" copper with the F"'-"tﬂm and the reduction of phosphomolybdic-
.--F_—"—-

“phosphotungstic reagent by tyrosine and tryptophan present in the protein
" under ex&mmatﬂn" The intensity of calar depends on the amount of these _

aromatic amino avids present __H.ﬂd" will thus vary for d for different protein.
___-_._.—‘—
'I'hm method is rapic. }ﬂr gt;umﬁrr (100 times more sensitive than the

Bll.i.tet mEﬂmd'l

S e

Materials:

_ 1. Protein solution | mg /L.

2. Reagent A: 0.2% Na,CO;(anhydrous) in 0.1 NaOH.

3. Reagent B: 0.5% Cu30,.5H;0 in 1% sodium or potassium tartarate.

e % ST




4. Reagent C: 50 ml solution A + Iml of solution B.

5. Folin — Ciocaltue reagent: sodium molybdatet sodium tungestate
solutién in perchloric acid and hydrochleric acid . The commercial
reagent is diluted with equivalent volume of H:0. .

Pm:Eﬁum:

Mix well and allow to stand for 10 min. at room temperature. Add
(0.5) ml of folin reagent to each tube with immediate mixing, Afier (30)
min., read at 750 nm plot a standard curve and determine the protein
concentration of the unknown solution in gm %. '




muiﬂ; _—m CEI!PHF' Two

Abs.

A=T50 nm

Unknown concentration

]

Cone. of Protein mg/ ml

= =
s = om me e mm— e e
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Lipid

Chapter three

Liplﬂ.} are defined as a gmup ol l:atl:? ll&tl.liﬂ Ja'lm:h are 4
heterogenous group of compounds which aharu the pmpemr of being
relative insoluble in water and sulublﬂ in urglmlf: solvent such as alcohol,

w _Ihﬂr..::]ﬂnmfnrm and carbon tetrachloride, Llplds thus
m:i'uda fats, l:uls. Waxes prostaglanding and rel related compounds . L1p:lis
are -::lasmﬁﬁd into thres major groun

-.-—-_"_ﬁ i

\ L, S;mpln I.m:u:'ls Are esters of fatty acids with glycerol
(Tnglrwnlie} (T.G).

Simple lipids + H;0 —* hydrolysis —* Fatty acid + alcohol

If the alcohol produced is glycerol, then the simple lipids is called
fat. ELE]_El_E lipids e.g. fat, Pﬂg, WHXES.

2.'Compound lipids: Esters of fatty acids with glyeerol in

" addition of other compounds e.g. phospholipids, glycolipids

——— i

i SR U

lipoprotedps.

'I}erh'ati'ﬁfa lipids: There are compounds derived from
h}rdml}rma of sampic and compound lipids, such as fatty acids ,

———

.i...__
glycerol, stemlds, aleohols, ketone bodies, hydrocarbons and
I‘.: 1 .I. 1 [ - %=

e R -5

Lipids tnat are solid at room temperature are called fats. lipids that
are liquid at room tampuramm are called mi-s Iq:uds serve as the main

-

enm'gjf mﬂer"ﬁ‘:- for hﬂng system form uart of cell memhmnaﬁ. and

e m——

ragu!ate Ihe activities of cells and hssues

m —
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Test for lipids

A Snlut:ulit:,I test: Thn provided olls ls iluulub]u: in waler, hnnm

- it floats on the mrl'n:u of water, fﬁnﬂlng A u_:pm;g Jnjﬁm IIr:‘hm
mi is {mi}j soluble in ethyl hulng heavier than nlt:uhnl some of
tha oil (undissolves) settle down ot the bottom as minute
droplets, whereas it is extremely soluble in chloroform. The

resulting solution is clear.

" Materials :
1. Organic solvents (Acetone, chlumfnrm :thanul} dm]]r.d wstﬂ'
sodium carbonate. ,
2. Oil '

Procedure : /

1. Take five perfectly dry test tube. /
a- Add | ml of distilled water. :
b- Add 1 mln{:acemn&.- s S P RS
¢- Add 1 ml u%:himfuml |
d- Add 1 ml of 2% of su-dmm carbonate,
e- Add 1 ml of cool L‘r:mannl\'men 1 ml of ail shakﬂ genﬂjr and

observe, heat on water , shake gently and observe again.
2. Add for all tubes 1 ml of oil.
3. Shake g:mﬂ;,r and record your results,

/

2. Emulsification test
“Most lipids are soluble in 95% ethanol but form an emulsion of

fine droplets on addition of water, This gives the solution a

T r——

characteristic milky appearance and is a very sensitive test for fats,

e s e e e USSR % e RS e e e e T T
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Lipids

Emulsion: Amilky liquid prepare by mixing oil and water, there are two
types of emulsion:
1. Temporary emulsion (in this case th:s oil particles unparﬂia, and
* ocarried abgfe the surfce of water).
2. Permanent emulsion (in this case the oil particles mix water and

duT separate).

Materials:
1. Qil.
2. Albumin,

Procedure:
1. Take two perfectly clean test tubes.
2. To the first add 2 ml of distilled water.
3. To the second add 2 ml of albumin.
4. To each of two tubes, add 2 drops of oil.
5. 'Cloge the mouth of test tube with your thumb.
¢ e

7. In the first tube a temporary emulsion of oil in water is formed. Let

both vigorously and observe.

it to stand for 10 minutes, It remains turbid.
8. In the second tube a permanent emulsion of oil in albumin is

formed, which is separate into two distinel layers.

Coneclusion: Albumin which is a protein act as nmulmfymg agent that

—_—

convert oil to emu]sr::r:l to acaelnrate the absorption from the mteahnes

and then t:mmpnﬂ in hlmd bya h’ﬂnﬁpﬂﬂ from protein {alhuuun}

l

T Lpo e =0
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3. Rancidity test : Jgj &3

Qualitative test for ﬁ'y oil spurﬁnlly oil restaurant by adding a few
" drops 0.5% NaOH then add a few drops pl:l .ph. indicator. Disappearance
e,

1,.-"_'-"'\.
of the pink color of indicator indicate the rancidity of oil.

Materials : | "(
1. Rancidity oil. '
2, 0.5 % NaOH.

| 3. Ph.ph. indicator,

Notes:
1. Ph.ph. color in alkaline mediom is pink. <
2. Due to the hydrolysis of rancidity fat or oil to fatty acid which

cause the medium acidie,

:—""_.___ e

4 ﬁcruhnn test: - ]

When gl}l'cernl is heated with potassium bisulphate (I‘CHSG.:" ji
conc. H;SDJ T‘hla treatment results in dehydration occurs and aldehj.rde
ammlem is f-:-nned which has a r:haractemhc odor. The test is given by

glycerol free or combined as an ester.

— - S
O CH,
e o ]
é | 04, (i:H + 2K
@GH 80 - Cao
Glycerol 3 Acrolein™y

o

]
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Lipids

Materials :
__},fl'esl. compound (oil or fat, olele acid).
Eantmimn bisulfate prconc 1,80,

Pmtr:ﬂllre:
1. Place 1 g of KHB0, in & dry test tube, then add 2 drops of conc.
"H;S0..
2.? Aduzdmmnfnil
3 Heat the test tube directly. e &

‘_. —|

ﬁb.-aewu the pungent smelling ﬁm:u:s arise tmm a t¢s|; the.

Notes:
~= 1. Use dry test tube because H,0 react with double bonds.
"~ 2. Acrolein is evolved which has 8 pungent smell,
c:,fj ML.the triglycerides gnﬂ: th:s tﬁﬂt e
d. An} fat or oil give thus ‘:meli am::.e they all have g!yceml as their

— e s —

alcohol n::nmp-:-nent

ey
T

T

5:!' Unsaturated test : )
The fart},r acids present in animal fat, are usually full}.r Eaturated

where as t those fonmd i in vegr:tahie oils contain one or more duu‘nlc h::md
Haiugr:.ns readily add a cross the double bonds and the decolorization of a
solution of bromine or iodine by 2 lipid, indicates the presence of double
bonds. This test is used to distinguish between saturated and unsaturated
fatty acids, as well as belwatn i.']]lﬁ and fats.

=y N

%E% SR,
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~Hy (CHp—CH=CH (EH;J-, COOH + ly——»CH, (CH!}T?H-_'?H_{EHZ}‘}CGUH
Oleic acid

Di-lodo Oleic acid

Materials: _i
1. ©il, fat or oleic and stearic acids,
2. Organic solvents (chloroform or ethanol).
3. Bromine water or iodine, ,

Procedure:

l::' Place 1 ml of oil.

L Jsluwlv add bromine water to the oil drop by drop, shalnng aﬂ:r:r
earch addition.”

ij Count the number of bromine drops needed to produce a permanent

8

color.
Notes:
. Unsaturated fatty acids consume a large number of bromine drops

i ——

than saturated ﬁm;c acids do.
2. This test is used to determine the degree nf‘unsatmatmn
3. Hydrogenation of double bonds change_ m:: liguid i}._t tl:p solid.
4. Oil contains a higher percent u?ﬁa;mted ﬁ:'lttj’ acids than solid

fats. So oils can react with more bromine.

Cholesterol :

Is one important precursor of steroid hormones and vitamin D for
human being and is supplied by diet. However highér concentration of
cholesterol in blood is related to a number of diseases, e.p. cardiac
infraction and atherosclerosis. The following are simple qualitative test
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for cholesterol which form the basls of quantitative determination of

cholesterol in, blood.
a- Salkowski test
H,S0, . sy T

Cholesterol - Carbonium ion of 3,5- Diene— (CHCORO0 7 max= 620mm
Acy0
80;
Cholestal hexon
Sulfonicacid =

L. max= 410nm

The reaction is not clear but dehydration is probably in the first step:

When sulfuric acid is added to a chloroform solution of cholesterol,
characteristic colors develop in the two layers, The chloroform layer
exhibits a red to blue color and the acid layer shows a green fluorescence.
‘The nature of these color is not known at present time.

Materials: -

1. 0.5% cholestero] in chloraform.
2. Conc. Hy80,.
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Procedure :
1. Place 1 ml of 0,5% cholesterol in chloroform in a dry test tube.

2. Add | ml of con, Hy80,.
3, Mix carcfully allow to stand, Note the red color of the upper

fahlnmfmm} and green flourescence in the lower layer.

Notes:
1. Cholesterol is a constitute of all animal cells. It is a2 colorless

substance. ;
2. Absence of water is absolutely necessary for the success of this

experiment.

b- Leiberman —Burchard test:

Acetic anhydride reacts with cholesterol in a chloroform solution to
produce o characteristic blue-green color. The exact nature of the
chromophore is not known, but the reaction probably includes
esterification of the hydroxyl group at the three position as well as other

rearrangements in the molecule.

Leiberman -Burchard

H,SO0 . . i
holesterol -Hﬁ» Carbonium ion of 3,5- Diene » Pentoenylic cation
Ac (CH,CO),0 2 max = 620nm
A0
S04
Cholestal hexon

Sulfonic acid ¢
A max = 410nm

Tomm o m—— m———
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Lipids
Materials:

1. 0.5% cholesterol in chloroform,

2. Acoctic anhydride.
3‘- Gﬂ“‘;l I-mﬂ*l

Procedure :
1.Place 1 ml of 0.5% cholesterol in chloroform in dry test tube.
2.Add 10 drops of acetic.anhydride.
3.Add 2 drops of conc. H;50,, mix.
4.Observe the appearance of deep blue color which gradually turns in
to green.

Notes:
1.  The testis used in the estimation of blood cholesterol,
2.  Absence of water is absolutely necessary for the success of this
experiment.

6. Acid value:

During storage fats may become rancid due to peroxide formation at
the oouble bonds by atmospheric oxygen and hydrolysis by
microorganisms with the liberation of free acid. The amount of free acid
present therefore gives an indication of the age quality of the fat.

The acid value is the number of milligrams of KOH required to
neutralize the free acid present in 1 g of fat.

Materials:
1.  Fatoroil,
2. 0.1 NKOH.
3. 25 inl of each (95% alcohol +ether).
4 Dissolve (0.1) g of ph.ph. in 10 ml of 95% ethanol.
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the presence of double bonds in the fatty acids- sart of the fat,

ﬁl'}"'tﬁ Chapter three
Procedure :

1. Place 10 g of fot or oil in a conical flask,

"2, Add 50 ml of equal volume of alcohol und ether.

3. Add 1 ml of phenolphthaline ns indicator.

4. Heat with shaking in water bath (65 C) for (10) minutes then cool.

5. Titrate the solution with 0.1 N KOH until pink color appear 10 sec.

after end point.
6. Record the volume of KOH.
7. Calculate the acid value of the fat using the following law:

Volume of KOH X 0.1 X 5.6
Weight of fat or oil

Acid value =

Acid value = mg KOH [ 1g oil

L
b

¥ g "
7. Todine number: - i

Hﬂlugens add across u1¢ double bonds of unsaturated Eatty acids J

L,
Wy

or triglycerides to form additions compounds, "
Halogens e.g. iodine or bromine are take up?jr the fa*  pecause of

Todine number is a measure of the degree of unsaturation of a fat.
The higher the jodine number, the more is the unsaturation present in the
fats. Iodine number is useful characteristic for nssessment of both purity

and nutritive of the fat,
_‘-.“.
Bromine is often used instead of iodins'becausy it is more reactive,

e

The value is influenced by the percentage -nf each unsaturated fatty acid,
the degree of unsaturation of each acid and the mean moleculear weight

of the fat.

| — -——.-E—_._—: o "E % —_— D
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odine numb  is defined as the Iﬁuﬁbu of grams of iodine
absorbea by 100 gm of the fat, 'The given amount of fat treated with a
measured excess of hanus solution (IBr):

H

—CH=CH— TBr)— IBr R oy 7
= I Br

El“*‘_ﬁ]—-—b—[z-l-]{]ﬂr | >

Nﬂ: Eﬂ:}.ﬁ + 2Nal

p—

I, + 2NeyS,05

e Br
R—EEE-CD{}H e e, RHE—S-CDDH + IBr

(A
Iodine bromide is allowed to react with the faf in m% and the

amount of jodine consumed is then determined by titrating the iodine
released (after adding KI) with standard thiosulphate and comparing with
. a hlank in which the fat is omitted, The reaction mixture is kept in the
ﬂ and the titration carried out as quickly as possible since the halogens
are oxidized in the light .

IBr +KI— =L, + KBr

2Na;S;03 +I ——2 Na; 8,0, + 2 Nal
At the end point:
I, F starch ——— blue color

-

- lJ

il L




Olive
Li 1

Coconut

Castor-oil plan

128-104 ~ Com '
180-144 Whale liver -'
53 Pig
153-120 Sea fish
142-153 ' Caw
40-25 Cream

Human under skin

Materials :
1. ::—1:.1 or fat.

2. Chloroform.
3. Hanus iodine solution: Dissolved 13.2 g for pure iodine in 1L of

acetic acid, add 3 ml of bromide, mix and kept in dark flask.

4. 0.1 N sodium thiosulphate: Place 24.13 g of (Naz8,05.5H,0) in 1 L
H,0, freshly prepared.

5. 15% KL

6. 1% starch solution or solid.

—— — R —— —— e e e 1 P, e i e
. (0 F ST e
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Procedure : :
1. In n 250 ml conical flask , place 0.25 g of oil, add 10 ml of

chloroform, mix this is "T" test.

2. Add 15 ml of Hanus solution (IBr), mix well.

3. Cover the mouth of the flask with a watch glass and keep it for 30
minutes for reaction to take place.

4. After 30 minutes, add 5 ml of KI solution into it.

5. Mix well, followed by 50 ml of distilled water.

6. Titrate the contents of the flagk with 0.1 N/Na;5;0,, till the yellow
color is disappear , add starch as indicator.

7. Complete the titration till the blue color is disappear .

8. Calculate the volume from burette.

9. Calculate the equivalent volume of hanus alone usage 10 ml of
chloroform without oil this flask "B" blank.

Calculation;
Titrate volume obtained for test solution="T
Titrate volume obtained for black titration = B
According to normality equation
1 M of NagS,0; = 1 Mof I,
1 M of Na;S20, = 127 g of I; equivalent of iodine = 127
Imlof 0.1 N Nax8;0:=0.127%0.1g of I
(B-T) = 0.1 =(B-T) = 0.127 % 0.1 of I, absorbed by (.25 g of oil
lodine number: Number of grams of iodine absorbed by 100 g of the oil
(B-T) = 0.127 = 0.1 = 100
0.25

The iodine number =

= ly /100 g oil

e A e
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Saponification number: :

Saponification number is defined as the number of milligrams of
potassium hydroxide (KOH) r:qui;-l:d to saponify :umpl::te]:." 1 g of fat
since fats are mixture of trigly::riﬂns, most of which are of mixed type,
50 sapnniﬁmﬁun rumber is & measure of average molecular weight of the
fatty acids comprising the fats (i.e. the measure of the average chain
length of the fatty acid).

Saponification number is an important constant particularly in
distinguishing or identifying certain oils. The saponification value gives
an indication of the nature of the fatty acids in the fat since, the longer the
carbon chain, the less acid is liberated per gram of fat hydrolyzed. When
iriglycerides are heated with alkaline potassium hydroxide the ester bonds
may be hydrolyzed to give glycerol and salt of fatty acid (soaps).

CH,0COR, CH,0H R,Co,Na
: & Reflux
| CHGCDR: NaOH 30 min > CHOH + EE'.;CGENH
CH,OCOR; Saponification H,0H R;Co,Na
Triglyceride glycerol
Materials:
1. Fat.
2. 0.5 N alcoholic potassium hydroxide.
3. 0.5N HCI.

4. Phenonaphthalein,

R
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Procedure:

1. Take a clean and dry 100.ml conical flask.

2. Transfer accurate weight 5g of oil or fat in flask.

3. Add 50 ml of 0.5 N alcoholic potassium hydroxide.

4. Then connect the flask with condenser and reflux on a boiling
water bath for 30 minutes till the oil globules disappearand a
yellow cake is formed by potassium salts of fatty acids.

5. Cool it at room temperature and titrate with 0.5 N hydrochloric
acid solution using 2 drops of phenonaphthalien as an indicator
until the pink color disappears and then record the volume as (T).

6. Now take 50 ml of alcoholic KOH and titrate with 0.5 N HCI
solution. This is blank sclution (B).

Calculate the saponification number according to the following equation:

normality * volume »equivalent wt. of KOH

Sapio, =% Wt. of sample

0.5 %(B-T) %56
5

i e
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Properties of some lipids —
st '.'-'..'-i:'"-'..',.';':;;"'_'i::' e

Butter 25-40 210-230

Castor oil § 80-90 175-187

Coconut oil 7-10 254-262

Com oil : 104-128 187-195

Halibut liver oil 120-135 170-180

.Linsmd oil 170-200 188-195

Olive oil 79-90 190-195
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Enzymes
Enzymes are proteins and biocatalyst responsible for acceleration
and nctivate matﬂbu-lic-. reaction that mainm‘m animal homeostasis.

S ik WLL St

Because of their role in maintaining fife processes, the assay and
pharmacological regulation of enzymes have become necessary in clinical
diagnosis and therapeutics.

Enzymes are found in all tissues and fluids of the body.
Intracellular enzymes catalyze the reactions of metabolic pfrthwn:fs.

e o e

enzymes of the circulatory system are re.spnnmble for mgu]ahng the

e e e e e

ch-ml_.____;_.__uﬂ:ﬂuu_g‘_d]gtst and oxidation d]l‘.‘t_, amino acid metabolism and
construction of hemoglobin, Man].-r enzymes were purified and

—_—— e —

mrsta]lmed_ S

_—

Eharncte.nsﬁ: -
1. Enzymes require substrate,
2. Enter in reaction as a small amount without structure change.
S§+E=—= E§—> P+E

3. The activity of enzymes are influenced markedly by many

environmental variables Euchastempe.ram pH, cuncentrauun Df

— | —

the substrate enzyme and mluhuﬂr activator,
4. Enzymes have ]:ugh M.wt. about 10°- lﬂﬁ dalton.

—

5. Rﬂaﬂunn.'a with enzyme, all substrate turnover to product at high
rate te and capability. kl-Jd{

6. h‘Iﬂﬂ}" of enzymes r:qu:re nunpra:rtr:m organic compound in order to
function such as:

1. Mr:tal ions which serve as activators M_g_"'3 is a common one, _l'_i_'g_iﬂ,
Fn*z, Zn*?, Mn'? and called dofector.

2, Coenzyme such as ascorbic acid, vitamin B complex. If these

groups 15 a strongly bonded enzyme called prosthetic group.

= = e
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7. All enzymes have active side, which is amino acid units as hole or
encirele to share in catalysis e.g. ncetyl chollnesterase ha.! active

e e

side {hisudmn, serine, ij'muin-n) a— :
Some specific definition

a- Units of enzyme or activity: The amount of enzyme which will

catalyze the transformation of 1pmole (10°) mole of substrate per

minute (v): rate of enzymatic reaction.

b- Specific activity:

This describes the purity of an enzyme, and is usually the number
of units per milligram of protein or nitrogen. Increase through
purification. R

Activity of enzyme
protein (mg)

Specific activity

3. Molecular activity:
If the molecular weight of the enzyme is known which is defined

as the units per micro mole of enzyme.

— T -
o=

4. Turnover Number:

It is the number of moles of substrate transformed per minute per
moles of enzyme under specified conditions. For example one
molecule of catalase (M.wt = 225,000) will decompose 2,600,000
molecules of F;0; in | minute at 0°C. The tumover number is
2,600,000, This is extremely active enzyme.

5. Substrate: Material or chemicals which enzyme react with it to get

produet.
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6. Michaels = Menfen constant (km): The substrate concentration
when maximum veloclty equal to half, when the observed reaction

. y L S "
rate is half of the maximum possible reaction rate, 'the substrate
concentration is numericelly equal to the Michaelis ~Menten

R
Bogg—

constont,

| —

Rﬂiﬂ[ﬂlm%ﬂ?z— i

Factors effect on velocity of an enzyme reaction
Since the activity of enzymes is influenced by many environmental

variables including:

1. Concentration of substrate,

2. Concentration of enzyme,

3. pH.

4. Temperature.

5. Time of reaction.

f. Inh_ihiturs and activitors.
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First :Effect of substrate conceniration on reaction

velocity in an enzymatic reaction:
Usage invertase or suctase [EC3.2.11), properties of yeast
invertase, among the earliest known and widuljl' astudied enzyme are

those that hydrnljrzﬂ sucrose.

| j."‘l LFME EH’GH L)
HO Invertase, H;O ﬂ“
HO-
CH.0H 0 pH=435, T-;m::‘ |{| l;ml
glucose Fructose

Sucrose

The name invertase sacharase more recently, f-fructofuran-asidase
have been used with reference to the enzymetic hydrolysis sucrose.
Invertase activity has been demonstrated in yeast, many bacteria, plants
and higher animals,

Concentration of suhstmte wilh a given quantity of enzyme. In thig

=

reaction velocity i increases w|ﬂ1 m:masmg subst'ﬂte concentration until a

——

limiting value is reached (enzyme saturated with substrate) .

The catalytic event that coverl substrate to product involves the
formation of a transition state, and it occurs most easily at specific
binding site on the enzyme. This site called the catalytic site of the
enzyme. The complex is called the enzyme substrate ES.

ES > P+E

S+E

e e e




substrate concentration [ s]

Plot of substrate concentration versus reaction velocity

The Michaelis —Menten equation is a quantitative description of the
relationship among the rate of an enzyme catalyzed reaction.

The Michaelis —Menten equation can be used to demonstrate that
the substrate concentration produces exactly half of the maximum
reaction rate i.e. 1/2 Vmax the substrate concentration is numerically
equal to km. The opposite and rearrangement of the Michaelis Menten
equation, which it a lineweaver-burk equation.

1 Em % i

i

v Vmax [S] Vmax

. __‘_{ﬁ% =
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L =
" lo
5 -
§ " F ? '
L 1
Km ]' Vi
s
5]
Lineweaver-burk
1 b Em o 1
v T _?mm: [5] Vmax

This equation usage for:

1..Study to determine the kind of inhibitors (compitative,
noncompitative and uncompitative).
2. Exact values of km as well as Vmax

Principle:

This experiment uses the reducing power assay procedure which
consist in stopping the reaction with alkaline and subsequently measuring

reducing to 3-am_inﬂ,5-nin'nsalic}riim1t absorbance at 540 nm.

— — e

1 ON.  ,OH

- s

Sucrase + H,0 _INVENESe, prcioee + Glucose —2:=2DNS COOH
pH=4.7 100 C
T=37C

H,N
Materials : '

1. Prepare a crude enzyme:

Place 10 gm of dry yeast in (30 ml) (0.1 W) of NaHCO;, in (250
ml) conical flask, mix well until get homogenecus solution covered by
cotton and incubate at 37°C for 24 hours, then centrifuge it on 15000g

for 15 minutes.
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2. Take the filter and keep it in volumetric flask at 2°C.

3. Enzyme solution: Dilute the filter on 10% of distilled water.

4. 0.03 M sucrose, place (10.2) gm of suctose in 1L distilled water,

5, 3,5-dinitrosalciylate dye reagent:

Place (5 )gm of 3,5-dinitrosaliyselic acid in (100) ml of 2N
NaOH. place (150 gm) potassium sodium tartarate (Rachall salf) in
(250 ml) distilled water. Mix two solutions and complete it to 500 ml
of D.W.

6. A solution: 74.6 gm sodium acetate in (1L) D.W.
B solution : 12.5 m] acetic acid in 1L D.W.,
Acetate buffer solution =( 750 m] of A+ 500 ml of B).

Procedure:

Prepare and label at least eight test tubes, which content as the table
below:

—* .ﬂ =n L
3 ' 3 n rs e =

ot e

e L e ] -]

0.03M sucrose substrate 0101102103 |04 05|06 107

Buffer solution pH = 4.7
sodium acetate -+acetic acid

05|05 |05]|05]05) 05|05 )05

Distilled water 15 1413 12] 11| 1009 |03
Enzyme solution SEEETEEER TR ERE
Mix, and incubate for exactly 5 min at 37 °C on water bath -
3,5-DNS solution gl212)E]1 2] 2 E._. 2

Place all tubes in boiling water bath for 5 min
Dilute all tubes to 20 ml of D.W

1. Head the optical density at (540) nm versus blank {tube No.1).

2. Plot results substrate concentration [S] against velocity (v)

S e e R




3. Answer the following questions: i

a- Discuss the type of curve you have obtained by plotting the
substrate concentration against velocity. -

b- Prepare a Line Weaver-Burk plot.

4, Determine the value of Vmax from Michaels ~Menten plot.

5. Determine the value of km.
- From Liné Weaver-Burk plot
b- From Michaelis-Menten plot.
¢- Theoretically using the above data,
d- From the plot versus [S].

6. Discuss what is practical significance of km when
a- Km value is lﬁge, |
b- Km value is small,

7. know the type of inhibition .

Second: effect of enzyme cone.

: 'In the presence of excess substrate the velocity of the reaction is
proportional to the concentration of enzyme. Some enzymes are inhibited -
by the products of the reaction. As the reaction proceeds. Various states
of relative enzyme and substrate concentration are possible. One can have
& high [S] and so, little enzyme that velocity cannot be accurately
determined. Similar too much enzyme makes it difficult to determine an
extremely high velocity. Also-called kinetic assay in which the reaction
rate is followed continuously is advantageous,
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Reaction y
veloeity

Cone. or vol. of E

Effect of [E] with velocity of reaction

Procedure:

Sucrose solution (ml) |

0.5| Buffer solution (ml)

1.5 Dow (ml)

04 |03 |02 |01 |00] Enzymesolution (ml)

m——— . —

Put all tubes in water bath at 37° C

2 2 2 2 2 3,5-DNS solution

Place all tubes in boiling water bath for 5 min Dilute all tubes to 20 ml of §
DW

1. Read the optical density at (540 nm) for all test tubes.
2. Draw a plot between enzyme and velocity.
(direct relationship)




Third: effect of temperature

Enzyme reactions are influenced by temperature changes in much
the same way as chemical reactions in general are influenced, the effects
i.e. The point at which the acceleration effect of temperature increase is
balanced by the denaturating of the enzyme. The optimum temperature
varies with the length of the incubation period if the incubation time is a
high as 60°C-70°C.

The rate of an enzyme-catalyzed reaction, like most chemical
reaction, increase with lemperature. At elevated t temperature the enzyme
protein is denatured, resulting in a loss of activity. This means that the
initial reaction rate will rise with temperature until it become impossible
to measure due to almost immediate inactivation. In practice most
enzymes are completely inactivated above 70 °C. the optimum
temperature is the result of the balanée between the rate of increase of -
activity ‘and the rite of destruction of the enzyme. The optimum
temperature is not a constant value for a given enzyme, but depends vpon
the time during which measurements of activily are made. The shorter the
time of measurement, the higher will be the apparent optimum

temperature.

Procedure:

0.5 0.5 0.5 0.5
0.5 0.5 0.5 | 0.5 Buffer solution (ml)
0.5 0.5 0.5 | 0.5 | Enzyme solution (ml)
1 1 1 1 D.ow (ml) '
all tubes in water bath for 5 minutes as bellow
Temperature "C
3,5-DNS solution




1. Dilute the test tube to 20 ml by distilled water.
2. Read optical density at 540 nm for all test tubes.
3. Draw o plot between temperature and velacity.

4

Optimum temperature

e I e e i (B

| |
20 30 37 40 45 50 Temp.
Effect of temperature on the enzyme velocity

4. Effect of pH :

IThe activity of an enzyme is very much dﬂpaﬁdent upon [HT] .
Generally, an enzyme will be active over relatively narrow pH range. The
' maximum value is referred to as the optimum pH although this value will
vary with temperature, buffer used, presence of activators or inhibitors,
ele. Enzﬁrmes are active over a limited pH range only and a plot of
activity against usually gives a bell-shaped curve. The pH wvalue of
maximum activity is known as the optimum pH and this is a characteristic
of the enzyme, providéd that the enzyme is stable under the conditions
studied. The variation of activity with pH is due to the change in the state
of ionization of the enzyme protein and other components of the reaction
mixture. Michaeliz and Davidsohn suggested in 1911 that only one of the

large number of jonized forms of the protein is active, so that a change in

pH either side of the optimum procedures and decrease of this form and
hence a fall in the activity,
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Procedure;

1 | 1| Bucrose solution (ml) |
3,7 (2.7 Bulfer solution (ml)
n water bath for 5 minutes
1 | 1| Enzyme solution (ml) |
each addition must be 1 minute _
2 | 2| 3,5DNS solution(m!) |
Put all tubes in boiling water bath for 5 minutes
Dilute all tubes to 20 m!
Read the absorbance at 540 nm.

1. (G#F) conc. From standard curve previously.
2. To calculate the velocity from this equation.
+
Vet

3. Draw a plot between v and pH.

Standard curve of sucrose hydrolysis I;:r invertase:

To determine glucose and fructose from hydrolysis of sucrose by
invertase at limited time, Draw a standard curve. React know amount of
(G & F) with inhibition (3,5-dinitrosalycelic acid), then record the
absorption at (540 nm), Plot a standard curve between (G + F) cone. And

absorption.




iEnﬂjﬂ-ﬂﬂ = CﬁﬂFt&f E?ﬂur

Procedure:
1. Prepare 6 label test tubes, each one content as .

! BT [} i b ik ol KT 1] . T e s
] 4 L { PR

(G +F) (ml)
D.w (ml)
Buffer solution (ml)

Sucrose solution{ml)

2 | 3,5-DNS solution{ml) |
Put all tubes in water bath for 5 minutes then cold it J
2. Dilute all test tube to (20 ml) with distilled water.

3. Record the optical density at (540 nm) except tube No. 1 as
blank.

4. Draw standard curve between (G+F) concentration and optical
density,
(G+F) solution : it is a mixture prepare (0.03) mole/L |

Calculations :
Concentration of (G+F) of each test tube is:
Vml (G +F) cone.

1000 0.03
0.2 v
003X 02 o 0006 _o 456,00/ Noi
X 1000 1000 mo 0.

Also the same method use to caleulate the cone, in 2ach tube |
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Enzymes
5. Effect of Inhibitors: nre chemienl numpﬁundg decrease the nctivity of
enzyme by decrease the velocity of enzymatie reaction,

Accumulation® of the product of renction may retard (inhibitor)
enzymatic activity in cerlain Instances. Many compounds: react with
enzymes and reduce the measured activity. This property of enzymes is
used in designing drugs and insecticides which selectivity inhibit
enzymes in the infective bacteria or insert, but don't affect the animal or
plant. Two classical types of inhibition are recognized: '

Competitive: In this case, the inhibitor reacts with the enzyme by
competing with the substrate for the active site, _
2. Non-competitive: In the non-competitive type of inh.ibiliml:l._. the

inhibitor combines with the enzyme but not at the active site, so that
the enzyme can bind both substrate and inhibitor at the same time.
The binding site of the inhibitor is usually sufficiently far removed
from the active center so that the binding of the substrate is
unaffected. Example the reaction of cyanide with the ﬁqn.mph}qin

1.

ENnzZVInes.




- Vitamins |
Jitammf ure urg.auln molecules that function a w?,du variety of
CﬂPlﬂiﬁﬂ within ﬂ:lﬂ body which needs it few amount. The most
prﬁtﬂmmt function is as coenzymes for anL:,rma:tm reactions as well as for
El'gﬁ’th synthesis andg Tegulate the metabolic reactions. The distinguishing _

feature of the vitamins is that they generally cannot be sl.mthasmﬂd by

mammnh_anﬁdlmdthmfm must be supplied in the diet. diet. The vitamins
muiftwndlshnnthrna_g.

S '-'?at soluble vitamin= A % & K}

"2 )Water soluble vitamins [Thismina I'B.‘I riboflavin [E-;}. niacin (Ba),
pammhm: acid [Bﬁ} pyridoxal, p:.rnduxmnme, pyridoxine (Bg),
biotin, cobalamin (B12), folic acid , ascorbic acid.

T'n.: excretion of water soluble vitamins with urine because body
cannot storage it, while the fat soluble vitamins stnrage in liver so in a

e

lmga amount of it cause hypemtammums

e e

Ascorbic acid:
Ascorbic acid is more commonly known as vitamnin C, it was first
isolated in pure crystalline from lrsmnn juice by the American

biochemists, It is one = of the simplest vitamins in structure, being a lactone

— —

Mmﬂ:l: acid is required in the diet of only a few Vertebrates man,
munh:}'s the guinea pig but most other higher animals and plants can
synthesize ascorbic acid from _@h:mae of other -simpie precursors.

Ascorbic acid is n[strnug reducmg agmﬂrt is he]m'-" to water mlnblu

[T e T

antioxidant, It is affect of llght Lemphraturr: Fu-.:: aud COZYIMES

h— — g et

Hp-ﬂc!ﬂ”}' in Fe and Eu present. 5o 1‘Edd1hf 1n-=:mp; h:,rdrugcn atoms 1o

become dehydrnnﬁ:.nrhm acid,r vhich alzo has vitamin C activny.

e r—
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1
et
2OH Oxidation
H-C-0H ' '
:IH* Yo
- (388G 2 GSH
H k . _
- _u ﬂﬂd \seH Rﬂdm-tlﬂﬂ B’Eh}"dﬁl’ﬂ ! *{: Hﬂid"l

Asc,
Ascorbic acid in food is largely destroyed by cooking and a long

store.
Ascmbm acid is an important vitamin which parh-:::patea ina gmat

«.-mgt_n,r of bmlnglcﬂl events mncwnmg electron-transport reaction.

2. Vitamin C functions as an antioxidant by reacting directly with
ﬂ@mve Oncygen Species or regenerating vitamine E fr_c-m -
tocophenoxyl radical, Thus, it protects cell membranes from
external oxidants and has a glutathione- 5panng effect. -

e

—

Determination of vitamin C
vitamin C in serum and plant can be determined photometrically ar
titration methods.

——

. . !
{1, _fitration method
T
Principle:
Ascorbic acid is oxidized by the colored dye 2,6-

ﬁ:chlnraphnnoImduphE:nnl to dehydmaamrbm E.Glfi} At ﬂ.‘h‘_‘. same time the
-:[ye. is rf.du-::v:d to a culnr]ess mmpuund 10 that the end point of the

. —

reactlun can be easily determined. The dye is dtLulunz&d by ather

e P

e ——— il i 1 e L

compounds as well as :Lscmhlﬂ acid, but the spﬂmhmt}r can be mcreawrl

i

e e TSR
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to some extent by using ac acidic medi gﬁétgguﬁatanm will react sn
ﬂipv-ﬂ); 2,6-dichlorophenolindophenol  is obtainable commercially in

“convenient tablet form, such that one tablet is’ equivalent to 1 g of
ascorbiec acid.

2, 6- Dichlorophenolindophenol

/(Jil ‘O/ ’

Dihydro ascorbic acid Leuco dye (colourless)
Materials : '
1. Ascorbic acid standard solution (2 mg) in (100) ml distilied water
(prepare just before use).

2. 2,6-dichlorophenolindephenol solution (1 mg complete to 100 ml
distilled water.
3. 6 N HCI or 5% CH3yCOOH.

4. Fruit juices (orange, lemonjuice, green pepper).




Procedure:

1. When the sample is orange, press and filter the juice then record
the total volume, ' -

2. Place {1 ml) of juice, complete to (50 mi) of distilled water
(mixture). '

3, Place 5 ml of mixture and add 1 ml of 6N HCL.

4. Titrate with dye (in burette) till the pink color is fix, record the dye
volume from burette.

5. Place 5 ml of standard vitamin C add 1 ml of 6N HCL,

6. Titrate with the dye till the pink color fix then record the dye

volume.
_C,alcn’faﬁnns:
Cone. Vol ml
2 100
X 5
X =0.1 mg/ 5ml
Frm
BT y/ol. (ml) Cone. (mg)
_ 10 0.1
. o ;
¥ =0,08 mga’ Smil




Ttamins Chapter Five
Vaol. (ml Cone. (mg)
0.08 5
Z 50
0.08x 17 =13.6 mg/ 17ml To complet Vol for example is 17 ml
Vol. (ml) Conc. (mg)
17 13.6
100 C
C= J'.{}E;; 136 _ 40 mg/ 100ml To calculate the cone. for 100 ml
Notes :

I. This type of tifration called selfindicator.

2. This is select reaction, so to avoid the secondary reaction.

3. Addition of acid to make the medium of reaction acidic so prevent
the intervarance of other reducing substances.

'Tm : er'r}:-' . _ o



Vitaming

Chapter Five

Colorimetrie method

Principle :

Cme can obtain a protein-free sample by treating sample with
metaphosphoric acid. Ascorbic acid in the protein-free supernatant is
oxidized by Cu (II) ions to dehydro ascorbic acid (DHAA) and
diketogluconic acid. These ketones react with 2,4-dinitrophenylhydrazine
(2.4-DNPH) in sulfuric acid to form the phenyl hydrazone product, which

absorbed at 520mnm:
O
[
C—
Hﬂ—r{I] &
Cu*t
Hﬂ_‘lj Oxidation
B
HG—C—H
LOH

L. Ascorbic acid

0

H MNH;

e |

] NH
ﬂﬁ"f 8]
H—'ill—

NO,
HG—C—H
2, 4-DNPH
L OH

:Jf-‘ff- i @YL [JIH—/Q-HH—H={E

NO, 0

W

LW ]

1
¢
l 0

ne—

|
NO2  Ho—CH-CH,0H
Bis - 2,4- Dinitro phenylhydrazone derative

A (520 nm)




Chapter Tive

TAtamins
Materinls :

1. 10% TCA in H;O.
2. 2,4-dinitrophenylhydrazine solution/ thiourea/ Cu{DTC). Place 3 g

of 2,4-dinitrophenylhydrazine, 0.05 g CuSO.5H,0 and 04 g
thiourea, All compounds dissolved in 100 ml of 9N H,80,, keep it

in cool place.
3. 65% H,S0,. This solution was stable at room temp. for 2 years,

Procedure :
1. Mix 0.5 ml of sample with 0.5 ml 10% TCA. (to ppt.the protein).
2. Put them in centerfuge at 3500 g for 20 minutes.
3. Filter and take the supematant.

4. Complete as follows.

Supematant 0.5 ml =
Distilled water - 0.5 ml
DTC 0.1 ml 0.1 ml
Mix and stand for 3 hr. in water bath at 37°C.
H;50; %65 0.75 ml 0.75 ml

5. Mix well, left at room temperature for 30 minutes.
6. Record the absorbance at 3= 520 nm.

Calculation ;
Determine vit. C concentration by using standard curve. So

preparing different concentration of vitamin C solution (0-2) mg / 100 ml

by usage 5% TCA solution.
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Abs.

I I |
1 2 3

Cone, [¢] mg/100 ml

Standard curve for vit. C determination
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Chapter Six

Nucleic acid

Organic compounds which have a high molecular weight. It is form
many nucleotides bonded by phosphodiesters bond. Each nucleotide
contains three characteristic components :

1. A nitrogenous heterocyclic base, which is a derivative of either
pyrimidine or purine.

2. A pentose,

3. A molecule of phosphoric acid .

The usage of nucleic acid for storage and expression for hereditary
information, also in synthesis of protein. As a class , the nucleotides may
be considered one of the most important metabolites of the cell. Two
main groups of nucleic acid are known ribonucleic acid (RNA) and

deoxyribonucleic acid (DNA) .

< RNA

Consist of a long chain of polynucleotide. The three types of
ribonucleic acid in cells are called messenger RNA (m RNA) , ribosomal
RNA (r RNA) and transfer RNA (t RNA), which is found in cytoplasm

rather than in nucleus or mitochondria. RNA is a single-band.

“ DNA
DNA would exit as a helix of two complementary antiparallel strands,
wound around each other in a rightward direction and stabilized E}r H-

bonding between bases in adjacent strands. It is exist in the neculus.
Ahigh temperature and pH separate the DNA bond.




Nucleic acids

Chapter Six.

Extraction the RNA from the yeast:

This method depended on homoextrate by phenol which broken
hydrogen bonds for a big molecules due to denaturation of protein, which
separate by using centerfuge for suspension, separate two layer (phases).
The down phenolic layer content DNA and up water layer content RNA.
RNA precipitate by alcohol, so the end product is free of DNA, only
polysaccharides remove by amylase.

Materials:
1. Dry yeast 30 gm .
2. Phenol solution.
3. 200 gm / L . pH =5 . potassium acetate.
4. Absolute ethanol.
5. Diethyl ether.

Procedure:

1. Dry veast of (30 gm), add (120 ml) of distilled water at (37° C) ,
stand about (15 min).

2. Add carefully (160 ml) phenol solution, mechanical stirring of
mixture about 30 min. at room temperature.

3. Cooling centrifuge (3000 xg) about (30 min.},

4, Raise the up layer by dropper, then return to centerfuge again
(1000xg) for (15 min).

5. Add amount of potassium acetate to supematant fluid until reach
2% concentration,

6. Add two volume of ethanol to precipitate RNA, cool, stand for (13
min.),

7. Place centerfuge (2000=g) for (5 min.).

e



8. Wash RNA subsequence by mixture of ethanol-water (1-3), ethanol

then ether,
9. Leave it to dry, then weight it.

Determination of nucleotide concentration:
Using Bail's method to form furfural, when the pentose from RNA
react with HCI cone. Orcinol interaction furfural in FeCl, as a catalysis to

get a preen complex color.

Materials:
1. Standard RNA solution (5-40) pg / ml.
2. Orcinol reagent: Dissolve (100 mg) of (FeCl;. 6H30) in (100} mi
HCI cone. and (3 ml) orcinol dissolve in 6% alcoho] |

Procedure:
1. Prepare six concentration of RNA solution : Spg, 10pg, 15ug,

20pg, 30pg, 40pg.

2, Place (2 ml) of unknown nucleotide (content pentose).

3, Add (3 ml) of orcinol reagent, heat in boiling water bath about 10
min.

4, Cool and record the absorption at (670 nm), repeat for all
concentrations.

5. Blank : (5ml) of orcinol reagent , heat about (10 min.}, cool and

read absorption at 670 nm.
6. Draw standard curve, then obtained the concentration of unknown

nucleotide.
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