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o 1. Tuke approximately 1.5g potassium hydrogen sulphate In a test iy

| ,: i completely by adding more of the solid potassium hydrogen sulphate

Chapter 7

Qualitative Analysis of Lipids, Proteins,
Carbohydrates

1. Lipids P

E lipid is characterized ns o water-insoluhle biomolecule which w;::hh:l:._: tS:E::::r? mlzlnml:l:?s:l:?lhl;
natural solvents, for example, chloroform. The simplest liplds are the rﬂh:i“ eneral equivalent word I.:
one glycerol and three unsaturated fats, The term fals is additionally utilize 915 a EDH straightforward I H:
lipids, so the more exact lerms triacylglycerols or triglycerides are best for Lhe mM st |'p';1 .
Triacylglycerols are utilized basically for vitality stockpiling as a part ':"““"““rﬁ' 0 1 uup ihrn 1pids,
the phospholipids, glycolipids and cholesterol, are the significant constituents of natural cell me ne.

Qualitative Tests for Lipids

1. Solubility Test

Triacylglycerol having little chain unsaturale
those containing nonpolar long chain unsaturated fals are insoluble and they
triacylglycerols are soulble in dicthyl ether, chloroform and benzene. They are
methanol, ethanol and acetone yet their solubility increases on warming.

d Tats are soluble In water to some extenl however
form emulsions in water, All
somewhat soluble in cold

1.Acrolein Test

When a fat Is heated strongly in the presence of a dehydrating agent such as potassium bisulfate
(KHSO,). The glycerol portion of the molecule is dehydrated to form the unsatu rated aldehyde, acrolein
(CH,=CH-CHO), which has the odor peculiar to burnt cooking grease.
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Glycerol Acrolein
e huving edor of burnt
cooking grase

Material and Reagents
1. Lipid sample (butter, olive oil, stearic acid, and glycerol),
2. - Anhydrous potassium hydrogen sulphate.

Procedure

be and add 5§ drop of liguid tes!
It is solid. Cover the test sample
on top of it,

sample or an approximately equivalent weight of the (est sample if

T
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2. Sudan 1V Test.

Heat th ; .
eal the test tube slowly on hurner and note the odor of the fame evolved from the tube.

Sudan IV Is 8 non-polar stain that readily stains lipids red-orange but does not stain polar compounds or

ngueous solutions

3. Copper Acetate Test

The copper acetate solution does not react with the oils, while saturated and unsaturated fatty aclds react

) retate :
““I'fm per ncetate to form copper salt. Unsaturated fatty acids can only be extracted by petroleum cther.

¥ In the case of olive ;
5 lor! live oil notice that petroleum ether upper layer contalning the dissolved oil and
» II E'T“ﬁ o “F ‘T"‘{ ngueous solution remalns hlue in the bottom.
n the case of ole .
I oleic neld the upper layer of petrolenm ether becomes green os a resull of copper
oleate. The lower layer becomes less blue,
:Ih"'

I N T i % i H
Int llr; c.ub; of stearic acid notice that the petroleum ether upper layer remains colorless, while
consists of pale green precipitate of copper stearale at the bottom

Method: Take two test tubes put 1/ 2 g of each spmple and then added 3 ml of petroleum cther
nnd an eqgual volume of a solution of copper ncetale.

General Procedure for Qualitative Analysis of Lipids

No | Experiments Observations Inference
1. | Solubilily: Sample + Water Insoluble in water May be fat or oil

2. | Acrolein Tesl: Sample +
KHS50, and heated

Odor of burnt cooking grease
observed

Lipids indicated

0il such as olive oll
indicaled.

(i) Upper layer of petroleum
ether, coniaining the dissoived
oil, appears colorless, agueous
solution remains blue In the
bottom

(ii) Upper layer of petroleum
ether, containing the dissolved
oll, becomes green; the lower
layer becomes less blue.

Pink color of phenolphthalein

Copper Acetate Test: 0.5g
Sample + 3 ml of petroleum
ether + 3 mL ng. Copper
acacttae solutlon and shake well.
Allowed to stand,

oleie acid indicated

Presence of free fatty acid

4 5 mL Ag. NaOH + 1 drop of | solution disappears
Indicated

phenolphthalein sofution + Add
lipid sample drop wise and
shake

Test for Unsaturation:
mL Test solution + Bromine

Unsaturated lipids

g | Colour of bromine solution
indicated.

discharged

waler dropwise

4.Qualitative Estimation of Cholesterol by Licbermann - Furchurd Test .
The cholesterol reacts as 8 typical plcohol with a strong concentraled acids and the product are

is used as solvent
:ll;":: i:;::ui:::;;ﬂ:ﬁiﬁ::; :gl'nt., A positlve result is ohserved when ihe solution becomes
+s (red — blue, and [nally — plulsh —green color)-

H0ACT S0
._,_.—-—-'
g

and dehydrating agents, and the sulfuric acid
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Inference i
No | Experiments ﬂhsc”“““@'ﬁmlﬁwml indicated

Dissolve a few crystals of A colour change Is observed:
cholesteral in 2 mL of red — blue, and (inally =
chloraform in n dry test tube bluish —green color

nond odd 10 drops of ncetic
anhydride, Add to this solution
few mL conc. H,50, with
shaking

5. Unsaturation Test

This test is used to indicate the amount of presence of dou
All neutral fals contain glycerides of some unsaturated [atty acids.
saturated by taking up lodine. I the fat contains mare unsaturated fa

ble bonds in the lipid sample.
These unsaturated fatty acids becume
tty ncids, it will take up more fodine.

R—ﬁ:ﬁ—ﬂ' +ly, —> n——rll-—*ll:~ R' +L
I i
Method:
Add 10 mL of chloroform equally into 4 flasks and then 10 drops of 1ubl's lodine reagent, the chloroform
shows pink color due to presence of iodine.
%  To one test flask ndd the oil sample drop by drop shaking the tube vigorously for about 30 scconds after
addition of each until the pink calor is discharged and count the number of drops.
¥  The pink color is dlscharged owing Lo the taking up of lodine by the unsaturated fatty acids of the oil.
%  Compare unsaturation, it should be remembered that more the number of drops required to discharge
the pink color, the less Is the unsaturation.

Qualitative Tests for Carbohydrates

Introduction:

Sugars can be defined as polyhydroxy aldehydes or kelones. Hence the simplest sugars conlain at least
three carbons. The most common are the nldo- and keto-trioses, tetroses, pentoses, and hexoses, The
simplest 3C sugars are glyceraldehye and dihydroxyncetone
Carbohydrates can be classified as either monosaccharides, oligosaccharides or polysaccharides.
Anywhere from two to ten monosaccharide units, linked by glycosidic bands, make up an oligosaccharide.
Polysuccharides are much larger, containing hundreds of monosaccharide units. The presence of the
hydroxyl groups allows carbohydrates to interact with the aqueous environment and to participate In
hydrogen bonding, both within and between chains. Derivatives of the carbohydrates may contain
nltrogens, phosphates and sulfur compounds, Carbohydrales also can combine with lipid to form
glycolipids or with protein to form glycoproteins.

Monosaccharides
The monosaccharldes commonly found In humans are classified according to the number of carbons they
contaln in thelr backbone structures. The major monosaccharides contaln four to six carbon atoms.

M
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Struetures of Common sugars

Disaccharides

Covalent bonds beiween the snomeric hydroxyl of a cyclic sugar and the hydroxyl of a second sugar ure
termed glycosidic bonds, and the resultant molecules ure glycosides. The linkage of two monosaccharides
to form disaccharides involves a glycosidic bond. hysiogically imporiant disaccharides are sucrose,
lactose and maliose.

» Sucrose: Sucrose, commonly named table sugar or sugar, is cane and beet sugar, Saccharose ls un
obsolete name for sugars in general, especially sucrose. The molecule is n disaccharide combinallon of the
monosaccharides glucose and fructose with the formula C;H;0y). In sucrose, the components glucose
and [ructose are linked vin an ether bond between Cl on the glucosyl subunit and C; on the fructosyl
unit. The bond is called » glycosidic linkage.

« Maltose: Maltose also known as maltehlose or malt sugar, is a disaccharide formed from Iwo units of
glucose Joined with an a{1—4) bond, formed from a condensation reaction. The isomer somaltose has
two glucose molecules linked through an a(1—6) bond. Maltose is the second member of an Important
biochemical series of glucose chains, Maltose is the disaccharide produced when amylase breaks down
starch. It is found in germinating seeds such us barley as they break down their starch stores 1o use for

food. It is also produced when glucose is curamelized.

Polysaccharides:

Most of the carbohydrates found in nature occur in the form of high molecular weight polymers called
polysaccharides. The monomeric building blocks used to generate polysaccharides can be varied; in all
cases, however, the predominant monosaccharide found in polysaccharides Is D-glucose. When
polysaccharides are composed of a single monosaccharide building block, they are termed
homopolysaccharides. While the Polysaccharides composed of more than one type of monosaccharide
are termed heteropolysaccharides.

Preparation of Reagents for Carbohydrate Analysis

1. Molisch’s reagent: 5% « naphthal in alcohol, Le., 5g of cnaphthal dissalved in 100ml of

ethanol.
1 Fehllng‘s soln. A: 35g of cuso..5H;0 + water gnd make the yolume to 500mL.

Fe_h_ljng soln. B :120g of KOH + 173g Na-K tartrate (Rochelle salt) In water to make volume up to
500 mL.
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. A & . This saln. must be mixg(
sehling's s0in-
Fehling's reapent: Mix cqual volumes of Fehling

Immediptely prior lo use.
Y. Anthrone: Anthrone (2g/L In conc 11,504). 1 dlesalve
4. lodine solution: 0.005% in 3% KI, Le, 38 of

liddline s dissolved.

10g of . lution with
medict® . 1 dium cltrate and ihe CuS0, solu

5. DBenedict’s solution: 17.3g of so a0l of waters Mix C o 1o 100ml with water.

- solved In
of water. 1.73g of CuSOS1L0 1s dissolved _ olume is mu
alkaline cltrate with constant stiering, finully the rl-:;:lki :;I' water and add 2ml of glacial acetic acid,
200m

Burfoed's reagent: 13.3g of capper acetate in 5wﬂ;nlhﬂ+Nﬂm”1"¢“"

d In 100ml water and then Smg of

sdium carbonate are dissolved in 75
5

f.

7. Fearons test: (methylamine Ilydrochloride (MID) neentrated NCL

8. Bial's reagent: Dissolve 300mg of orcinol in 100mL of co L  conJICH in the ratio ol 1:2,
9. SeliwanolT's reagent: Dissolve 50g of resorclnol in 100mL ©

1. Concentrated 11CI

11. Concentrated 11,50,

12. Osazone Reagent

» Phenyl hydrazine hydrochloride
¥ Sodium acelate

» Acelic peid ) ) t_ of
Mechanistic Principles of Qualitative Identification
Carbohydrates

1. Molisch’s Test: oo gl Bist

It is n common test for all carbohydrates, As conc. Il

used to produce monosaccharides which in the presence of an ac

id get dehydrated to form furfural
and s derivatives. This product combines with sulphonated c naphthal to give pu rple colour,

C1io GiIo orI
n—C—on |
i ]
Ho—C—m _Conc. H,50, .LE- A Condensation product
—_—
H—Cc—on 31,0 !|:_| c-Naphthol  pyrplerViolet colour

HO—C—1I
Ci,0n

Ch,on
llydroxy methyl forfural

2. Anthrone Test:
The same principle outlined above, except that the furfural reacts with anthrone (10-keto-9,10-

dihydroanthracene) to glve a blue-green complex.
&

Figure: Structure of anthrone

3. Iodine Test:
lodine forms colored adsorptlon complexes with polysaccharides,
Starch — Blue color,
Glycogen — Reddish brown colour complex. lodine will form g polysaccharide Inclusion complex-




4. Benedict’s Test

{'nrhf:h:ed :ul::i with n potential nldehyde or ketone group have reducing property when placed inan
nllmln;o SD_:;' on. Cupric lons present In the solution will be reduced to cuprous fon. This will glve o
red coloured precipitate. Mercover, this test is more specific for reducing sugars.

5. Barfoed’ Test:

It Is an important for distinction of reducing disaccharides from monosaccharides. Reducing
disaccharides react in about 7-12 min while monosaccharides take 1-2 min to get hydrolysed,
react with reagent. Brick red color is appeared in this reaction due to formation of cuprous oxide. I
the saccharide is a reducing sugar it will reduce Cu (11) ions to Cu(1) oxide

{CHCO0RTn + ;00 —=  I0M,C000 + CulOlly
CulOmy + U ——= ol + HO

0 coult
H—C—OH n=—C=—0H
Ho—cC—ii no—e—n
H—t—pp * W0 T H—C—0l  +Cn0
H—C—OH H—C—oH Red ppl
In.n:t 1,01
D= Glucnse D-Glucoslcackl

6. Bial’s Test:

When pentose is heated with conc.HC, furfural, which condenses with orcinol in the presence of
ferric fon to give o blue green colour.

7. Seliwanoff’s Test:

Ketoses are dehydrated more rapidly than aldose (o give furfural derivatives, which then condenses
with resorcinol to form a red colour complex.

( {;‘H’D" cno
=0 L
I .”_l 1o oH
Bo—C—1 Conc. HC -~ ©C O ———— Condensatlon product
H—C—oOn _am0 Il Resordinal Red
> L
H—C—O0H
CH,0H
Ca0n thyl furfural
D-Fruclose Mydroxy methyl f

8. Fehling’s test .
. This forms the reduction test of carbohydrates. Fehling’s solution contains blue alkaline cupric
xide solution, heated with reducing sugars gets reduced to yellow or red cuprous oxide and is
precipitated. Hence, formatlon of the yellow or brownish-red colored precipitate helps in the

detectlon of reducing sugars in the test solution.
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Figure: Chemical reactions of reaction

9. Osazone Test:

Compounds containing nldehyde and keto groups form cry
hydrochloride. Osazone crystals have characteristic shape

identification of reducing sugar.

CulOHy + K50

[ cwso, ezmon — o
cuoin, —e GOt :rnnu
CTI0 "—!'—ﬂ‘“
H—Cc—o1t jo—c—H
no—c—u Y G —Cc—uil
H=—C—0llI ' [ — =0
I—C—on CILOH

# 0 f'uj_l‘
Red ppt

s of Fehling’s lest

stalline osazone with phenyl hydrazine
and melting point which helps in the

General Procedure for Qualitative Analysis of Carbohydrates

No.

Experiment

Observation

Inference |

3

Molisch’'s test
1mlL test solution + 2 drops of
Molisch's reagenl. Then add cone.

H;S0y carcfully slong the sldes of the
fest tube,

Violet coloured ring Is formed
at the junction of the 2 luyers.

Carbohydrate Is
present

2. | Anthrone test Blue-green color complex is Carbohydrate present
5 drops of sugar solution +2 mL formed
Anthrone reagent
|3+ | Todine test ]
{ml test solutfon + 2 drops of lodine {I) Deep blue colour is obtained. | Polysaccharide
solution indicated (Starch)
(ii) Dark brown colour is Polysaccharide
obtained. {(Glycogen)
(lily No characteristlc Polysaccharide Is
calour change. absent
4., | Benedict’s tesl :
SmLof Benedict's reagent was mixed | (1) Orange red precipilate Is Reducing supar
with 1mLof test solution and the obtained. indicated
contents are boiled for a few minutes. | (i) No characteristic Reducing sugar s
colour change. absent
5. | Barfoed’s test Reducing
* | To2mL of fest solution, 2mL of (i) Brick red precipitate is monosaccharide
Barfoed's reagent was added and obtained indicated
boiled for 3 minutes and the colour
change was noted. (i) No characteristic Reducing
colour change. monosaccharide absent
6. | Fearon's Test
1mL of the test solution, 2mL of (i) Red coloration appeared Reducing disaccharide
Fearons reagent Is added and the indicated
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content Is heated, Then NaOH was
added to the cold mixture,

(ii) No color change.

Reducing disaccharide

Bial's Test
To 1ml of the test solution, SmL of

Binl's reagent was ndded. The
contents are bolled and cooled.

nhsent

(i) Blue green colour
is obtained.

(ii) No characteristic
colour change.

Presence of pentose
sugur.
Absence of pentose
sugar.

Seliwanoff’s Test

To ImL of the test solution, 3mL
of Seliwanofl’s reagent is added and
the contents are boiled

(1) Cherry red colour is
obtained,

(ii) No characteristic
colour change

Presence of fruclose.

Absence of lructose.

Osazone Test

To 1mL of the test solution, , add
2-3 drops of glacial acetic acid,
followed by the addition of a pinch of
phenyl hydrazine hydrochloride and
twice the amount of sodium acetate
and the contents are boiled

(DYellow colour crystals are
formed in 5 minutes, as

observed through a microscope.

Haystack structure form of
fructosazone.

(i1) Yellow colour crystals are
formed in 5-10 minutes, ns

observed through a microscope.

Haystack structure form of
glucosazone

(iii) Yellow colour crystals are
formed in 10 minutes.

Broad fan structure crystals of
galactosazone are observed
through microscope.

(iv) Yellow colour crystals are
formed in 20-25 minules,
Sunflower shaped crystals of
mallosazone are observed
through the microscope.
(v)Yellow colour crystals are
formed in 5-10 minules,
scaltered needles shaped
crystals of Xylosazone are
observed through the
microscope.

(vi) Yellow colour erystals are
formed in 20-30 minutes,
Powderpuff shaped crystals of
Lactosazone are observed

through the microscope.

Fructose is confirmed

Glucose Is conlirmed.

Galactose is confirmed.

Maltose is confirmed.

Xylose is confirmed.

Lactose Is confirmed.
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Qualitative Analysis of Proteins and Amino g

ding the human body. Proteins are POTy My,

The protelns are essentinl components of living organisms, inclu t proline and hydroxyproline which ary

of amino ucid. 22 different amino aclds are commonly known excep
Iminn acids.

The structure of un nmino acld contains an amino group, »
carbon based and glves the amino ucid's specific properties. As amino a
groups, so have both hasie & ncidic properties.

a carboxyl group, and a R group which is Usualty
ds contaln carboxylic & aming

Side chain

o
\n/::nrlu]l}I It: ncld

0

I

'\.N/
|
H

T
T

Aming group 1l

Ninhydrin Test

This test is widely used for detection of profeins. Although compounds other than proteins and amjp,
ncids also give positive reactions, standard procedures used in analysls can make the reaction a positive tey
for amino ucids and proteins. Amino acids contain free carboxyl & anmino group which l'nl.'ldil.‘ﬂ.'it: wiily
ninhydrin to yield colored products. As ninhydrin is a good oxidizifl agent so when it reacts with a-amino group,
it produce a purple colored product (diketohydrin) known as Rhuemann's purple.
All primary amines and sammonia react in similar way but without the liberation of carbon dioxide. Other complex
structures like proteins, peptides & peptones also give this reaction.

n 1]
on .
+ RCH(NIT)COO0H ——= +« RCHO « COy+ Nl
ou ou
e a 0
o [}
H 1] N
+ Kl + E—
on I
0 g
o a
Procedure

» Dissolve the contents of the vial marked “albumin” in 100 mL water:
Put 2.0 mL (34 drops) of ninhydrin reagent. Mix the solutions and bail
test albumin, gelatin, the unknown compound, and at least two
i-blue color development normally. But Imino acids like proline a

Heat and shake gently.

In & water bath for 2 minutes. In this
of the ammo acids. Pink, purple, o
nd hydroxyproline give a complex of

et Test for Protein

eneral fest for detecting the presence of peptide bonds. It the
. peptide bond r (1T}
e Violet-colored coordination complexes in an alkaline solution. Cumposu::; mﬁlzgﬂ;z?muﬂ

d, when condensed with alkaline copper sulphate develg rod

A Inkish or violet colored ucl,
fdue to coordination complex formation of : Pap Violet calored p

' ;' iy mp on of cupric ion with unshared electron pairs of oxygen of water
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Procedure
1) Add 0.5 ml NaOIl into 1| mL of test soln.

2y Mix It very well.

3 Add 2-5 drops of copper sulphate.
Development of pink or violet color indicates the presence of peptide or protein in the sample

In this way, test albumin, gelatin, the unknown, and Iwo amino acids.

Test for Cysteine and Cystine
The sullur group of cysteine and cystine Is liberated by heating with strong alkali. If lead lons are present

lead sulfide is formed as o dark precipitate, This reaction distinguishes between these two amino acids and
methionine. Treatment with alkali does not liberate sulphur from methionine.

Procedure

Dissolve the cystelne in squeous NaOH solution. Add lead acetate solution to the nlkaline solution of
cysteine. Formation of dark precipitates indicates the presence of cysteine.

Sakaguchi’s Test for Arginine
Ammonia and ammonium jons give positive reactions in this test. For this and other reasons the reagents

always give some color in the reaction. Therefore, a blank or control containing reagents only should be
prepared for comparison.

Procedure
Prepare n 4 % solution of NaOll by adding 20 mL 40% NaOIl made up for experiment 4 to 180 mL water.

Set up a number of test tubes ns follows: one with 2.0 mL waler, one with 2.0 mL arginine solution, one with
2.0 mL unknown compound, one with 2.0 mL glutamic acid solution, and one with 2.0 mlL. albumin selution.
To each of these add 1.0 mL 4% NaOH solution, and then ndd 2 drops of alpha-naphthol reagent. Add 1.0
mL ol spdium hypochlorite reagent to each solution and mix. Observe any color change which occurs over
ext 5 minutes. What color is positive for arginine? Does albumin contain arginine?

Systematic Analysis u@ﬁei}md Amino acids

No Experimenus Observations Inference
V1 | Ninhydrin Test: Dissolve the | A purple colored product Amino acid or protein indicated |
v sample in 100 mL water. Heat | W25 noted
and shake gently. Put 2.0 mL
(M drops) of ninhydrin reagent
"2 | Bluret Test: Pink or violet color Presence of protein indicateed
v Sample + NaOH solution + 2-5
drops of copper sulphate
{/ Dissolve the sample in nqucous Dark ppt. noted Cystein conflirmed
NaOH solution. Add lead
aceiate solution

-
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