GENERAL REACTIONS OF CARBOHYDRATES

MOLISCH'S REACTION:

Sugars on reaction with dehydrating agents like concentrat i

n 1 ed st ]
(concentrated H;SO4) yield furfural and furfural derivatives, such as hydroxyme:h;(ﬂ%lr?jrl:ls
which condense with c.-naphthol and give a reddish violet ring. ’

REAGENTS:
1. Molisch’s Reagent:
i- o-naphthol,
ii- Ethyl alcohol Ayl
2. Concentrated H,SO4
3. Original solution (O.S.) — containing a carbohydrate.

PROCEDURE:

To 2ml of sugar solution (original solution) add 2 to 3 drops of Molisch’s
reagent. Mix thoroughly. Carefully pore 5 ml concentrated H>SO4 along the side of the test
tube. Acid being heavier will form a layer beneath the sugar solution. The formation of a
reddish violet ring at the junction of the two liquids indicates the presence of carbohydrates.
This test is very sensitive and is given by all the carbohydrates.

REACTIONS GIVEN BY MONOSACCHARIDES AND DISACCHARIDES

1. COPPER REDUCTION TESTS:
Carbohydrates which give reduction tests have free aldehyde or ketonic groups, and

are called “reducing sugars”.

PRINCIPLE:
Alkaline copper reagents (Benedict’s and Fehling’s reagents) are reduced by

the reducing sugars with the formation of yellow, orange or red precipitate.
The reaction of acid copper reagents (Barfoed’s reagent) with reducing sugars
is slow and can be used to distinguish monosaccharides from disaccharides.

a. FEHLING’S TEST:

1. Fehling’s reagent: ,
i. Solution A - Copper sulphate solution, and

ii. Solution B - Alkaline tartrate solution.
These solutions are preserved in separate bottles. Fehling’s reagent is

freshly prepared by mixing equal volumes of solution-A with solution-B.
2. Original solution (O.S.) — containing a carbohydrate.

PROCEDURE:
To 1ml of sugar solution (original solution) in a test tube, add 1ml of Fehling’s

reagent. Mix and boil carefully. The production of yellow or brownish-red precipitate of
cuprous oxide indicates the presence of reducing sugars in the sample.
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CONCENTRATION OF
OBSERVATIONS SUGAR IN THE CLINICAL
ORIGINAL SOLUTION | EVALUATION
o (%)
vo
W No colour change (Blue) 0.0% Nil
‘Q;P
2 Green coloured solution with 0.1% Traces
no precipitate.
Green coloured solution with 0.1-0.5% +
@Y yellow precipitate.
Olive green coloured 0.5-1% ++
o} solution with yellow
precipitate.
/0 Yellow orange coloured 1-2% -
precipitate.
e Bric%( fed coloured 2% or more. bt
precipitate.

b. BENEDICT’S TEST:

1. Benedict’s reagerlt:ulph ,
i. Coppe ate,

i. _S—o%m;—seitrate, and

jii. Sodium Carbonate.

2. Original solution (0.S.) - containing 2 carbohydrate.

OCEDURE: _
e To 5ml of-Benedict’s-reagent n 2 test tube add 8 drops of sugar soluigy

(original solution).’@ thoroughly and heat to boil for 2 minutes. Allow the tupe y, i
The solution, in addition to formation of a precipitate, will 'change colour from b.lue to grein
yellow, orange or red depending upon the_ qmqunt of rc?dUClnE sugar present. Th;s test can .
used as a rough quantitative test for the clinical evaluation as shown in the followmg table;

c. BARFOED’S TEST:

1. Barfoed’s Reagent:
i. Copper acetate, and
ii. Acetic acid.
2. Original solution (O.S.) — containing a carbohydrate.

PROCEDURE:
0 Sml of Barfoed's reagent in a test ;
1gi i : tu lution
(original solution). Mix Thoro ga.ce i v be E:id _O.iml-Nc:)it'esttggea:mi: ;hm

signs of reduction i.e., formation of

tibe: ared precipitate of cuprous oxide first appears in the test

The monosaccharid

as the precipitates appearing afte
solution.

BS:’StaFt foml_in_g precipitates in less than 7 minutes where
T / minutes indicate the presence of disaccharides in the
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2. OSAZONE TEST (PREPARATION OF OSAZONES)

Add 3 to Sml of
in a boiling water bath. Note t
Remove and allow the test
Examine the crystals under the microscope
o 1COSE
disaccharides take upto 45 minutes. Sucrose does not react wi
crystalline compounds called osazones.

1. Phenylhydraz

inc mixture consisting of

i. Phenylhydrazine, and
ii. Anhydrous sodium acctalc.
2. Original solution (0.8.) - containing a carbohydrate.

PROCEDURE:

Take phenylhydrazine

tion (original solution) to
he appearance of yell
be to cool slowly.

and make a drawi

inch of test tube with it.
the test tube. Mix thoroughly and place it
ow crystalline precipit

ate in the test tube.
¢ under tap waler.
ng. Draw only what you sec.

5 minutes where as thosc of
th phenylhydrazine to form

SUGAR OSAZONE SHAPE
Glucose Glucosazone Needle shaped.
Fructose / Fructosazone Needle shaped.
Galactose Galactosazone Fluffy ball shaped.
Lactose Lactosazone Fluffy ball shaped.
Maltose Maltosazone Sunflower shaped.

SPECIAL_REACTIONS

GIVEN _BY THE INDIVIDUAL SUGARS

TEST FOR FRUCTOSE ( FREE OR.COMBINED )

1. SELIWANOFF'S TEST:

!

PRINCIPLE:
WMMMMICI , rapidly forms furfural , which on reaction
with resorci . coloured compounds.
REAGENT:

1. Seliwanoff’s Reagent:
i. Resorcinol, and
ii. Concentrated HCL
2. Original solution (0.S.) — containing a carbohydrate.

PROCEDURE:!
To 3ml of Seliwanoff’s reagent in a test tube add 3 drops of a original solution

(fructose solution) and heat the mixture to just boiling. A positive reaction is indicated by the

production of a red colour.
Ketoses free or combined (Fructose or Sucrose), give a red colour. Prolonged

boiling with aldoses is bound to give a false positive result, as the aldoses also start giving a
similar reaction.
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HYDROLYSIS OF SUCROSE

Sucrose does not reducc Benedict's, Barfoed's or Fehling's reagents, nor does
it form any osazone. Sucrose, upon hydrolysis, takes one molecule of water and breaks down
into two molecules of monosaccharides i.c., glucose and fructose.

PROCEDURE:

To 3ml of sugar solution (original solution) in a test tube add few drops of
concentrated HCI. Mix carefully and gently heat to boil. Cool under tap water. Add 1ml 5%
NaOH drop by drop to the test tube. Heat to boil again. On completion of hydrolysis the
solution will turn yellowish, indicating the presence of a reducing sugar.

After acid hydrolysis it gives positive copper reduction tests.

REACTIONS GIVEN BY POLYSACCHARIDES

The polysaccharides arc complex carbohydrates. They have high molecular
weight, Few of them are appreciably digested in the alimentary canal by human beings.

They are not reducing sugars and so cannot reducc Benedict’s reagent. Also
they cannot form osazones. When starch and glycogen are boiled with dilute acids, they are
hydrolyzed to glucose. The intermediate products formed during the course of hydrolysis, are

dextrins and maltose,

1. IQDINE TEST-

REAGENTS:
a. 0.01N Iodine solution.
b. Original solution (O.S.) - containing a carbohydrate.

PROCEDURE:
To 3ml of the starch solution (original solution) in a test tube, add 1 - 2 drops

of the dilute iodine solution. Observe the production of a blue colour. The blue colour

produced disappears on heating and it reappears on cooling the solution.
Starch, glycogen and higher dextrins on reaction with dilute iodine solution

form coloured compounds as shown in the table below:

Starch Blue colour.
Amylodextrin. Purple colour.
Erythrodextrin. Red colour.
Glycogen. Red colour.
Achrodextrin (lower dextrins), NecRanpeinicolon
Disaccharides (Maltose) and Monosaccharides. '

HYDROLYSIS OF STARCH

Starch does not reduce Benedict’s, Barfoed’s or Fehling solution, nor does it
form an osazone.

PROCEDURE:
To 3 - 5ml of sugar solution (original solution) in a test tube add 0.5ml of

concentrated HCI. Mix carefully and gently heat to boil. Cool under tap water. Add 5%
NaOH drop by drop to the test tube. Heat to boil again. On completion of hydrolysis the
solution will turn yellowish, indicating the presence of a reducing sugar.
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QUESTION / ANSWERS

Describe a test for the detection of sugar in urine?
Benedict's Test — To 5 ml Benedict's Reagent add 8 drops of urine, mix and heat to boil for 2

minutes. The change in the colour of solution indicates the presence of sugar in the urine.
What is the composition of Benedict's Reagent?

>

2.
A. Benedict's Reagent contains : wwwate and
distill ter.

What Is the use of Benedict's Test?

Benedict's Test is used to detect the presence of reducing sugars In any solution.

What is positive Benedict's Test?

A positive Benedict's Test gives various shades of colour from green, yellow, orange, red and
brick-red colour depending upon the increasing concentration of reducing sugars in the
solution.

5. What is the clinical significance of a positive Benedict’'s Test?

A. A positive Benedict's Test indicates the presence of reducing sugars particularly glucose in
the urine. Being a qualitative test it indicates a rough estimate of glucose in the urine sample.
This can be helpful in diagnosing and monitoring the level of glucose in patients with diabetes

mellitus. ik
What is the pH required for Benedict's and Barfoed’s Test? Co p f;o il

6.

A. pH for Benedict's Test is alkaline and for Barfoed's Test it s acidic. g
1

A

FPEpw

What s reducing sugar?
. All the sugars which have free aldehyde or ketone group are known as reducing sugars. They

reduce the cupric (Cu™) to cuprous (Cu’") lons,

8. Name the reducing sugars?
A. All the monosaccharides and disaccharides (i.e., glucose, fructose, galactose, lactose and

maltose) except sucrose are the reducing sugars.

9, What is a non-reducing sugar?
A. The sugars which do not have any free aldehyde or ketone group are called non-reducing

sugars e.g., sucrose and polysaccharides.

10. Why sucrose being disaccharide is a non-reducing sugar?
A. Sucrose being disaccharide consisting of glucose and fructose, both are reducing sugars but

the aldehyde group of glucose and ketone group-of fructose is linked together in glucosidic
linkage, thus there Is no free reducing group avallable.

11. What is the principle of Molisch’s Test?
A. Carbohydrates are converted into furfural by concentrated H.SQ, which acts as a

dehydrating agent. Furfurals form a coloured complex with a- naphthol (Molisch's Reagent)
producing a violet ring at the junction of two liquids.

12. What js the use (or significance of Molisch’s Test?

A. Itis used for detection of carbohydrates in any solution.

13. How much is ++ sugar in the urine?

A 05-1%

14. What is the significance of Barfoed's Test?

A. Copper In acid medium in Barfoed's reagent is reduced slowly and can be used to
distinguish between monosaccharides and disaccharides*e.g., A positive Barfoed's Test
within or less than 7 minutes,)i:xdleateﬁ'ﬁ'\eg presence of monosaccharides, whereas, a positive
Barfoed's Test after or more than 7 minktes indicates the presence of disaccharides in any
solution i.e., it is faster in monosaccharides than in disaccharides. d

J5 What is the composition of Seliwanoff’'s Reagent?

A. ltcontains : i- Resorcinol, and ii- HCI.

16, What is the sighificance of Seliwanoff's Reagent?

A. Positive Seliwanoff's Test indicates the presence of keto- sugars, thus it helps in
differentiating betwegn aldo- and keto- sugars.

17. What is the principle of Seliwanoff's Test?

A. The HCI in Seliwanoff's Reagent acts as a dehydrating agent, converting keto- sugars into
furfurals, which form a cherry-red coloured complex with Resorcinol.

18, What is the use of lodine Test?

A. ltindicates the presence of polysaccharides in any solution.

19. What are the products of hydrolysis of sucrose, lactose and maltose?

A. i- Sucrose — Glucose + Fructose,

ii- Lactose — Glucose + Galactose,
iii- Maltose — Glucose + Glucose.
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EXPERIMENT No.__ » Date:
DETECTION OF GLUCOSE IN A GIVEN SOLUTION.

APPARATUS: Test tubes, Test tube holder, Test tube Rack, Pipettes, Beaker, Water bath,
Burner, Glass slide, cover slip and Microscope.

REAGENTS: Molisch’s Reagent, lodine Reagent, Benedict’s Reagent, Barfoed’s Reagent,
Seliwanoff’s Reagent, Osazone Mixture, Conc. HCI, Conc. H,80s, 5% NaOH

& Original solution (Glucose solution).

No. TESTS OBSERVATION INFERENCE

Violel ting af yunchon | Cavbobycvates

1 | MOLISCH’S TEST

of [wo frouds (ndcated
No change _in Msno sec havides
2 | IODINE TEST ¢ i
(olpuy £ OJ ala cclwcm'das

R vick vee! calnuy ante uel U

3 | BENEDICT’S TEST

4 | BARFOED’S TEST

N

Ked Dp‘/cg Lupeaies M onasacchenele

Xxrle /O\__ ST mip frmffvm

SELIWANOFF’S ANa ) Mau he  oluwse
5 | TEST i \39 v g
) 3 oY 3(1(?&(.(066 -

-]
‘Jp”ouJ nred/e Jke ﬂa/ufas(.,

-

6 | OSAZONE TEST —

ryial s s

SKETCH OF THE OSAZONE CRYSTALS

RESULT: Jhit 1 alucose solp )
need Ghaped cystet

L
-
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EXPERIMENT No,__ 3

i TUS: Test tubes, Test tube holder, Test tube Rack, Pipeties, Beaker, Water
Burner, Glass slide, cover slip and Microscope, ulh,

REAGENTS: Molisch's Reagent, lodine Reagent, Bcl1c3dict'u ‘Rcug?m, Barfoed'y e
Seliwanoff"s Reagent, Osazone Mixture, Cone, HCI, Cone, H380, 5v, :lﬁg';i

& Original solution (Fructose solution).
No, TESTS OBSERVATION INFERENCE,
. Redclish vkt gin ﬁ’dﬁ&bﬂﬂdm
1 | MOLISCH’S TEST i

L i)ormmﬂ pregent
2 | IODINE TEST Alo C[’ﬂ’?(;f [l Morasatchand
(0/0(1 A j;”"’“ﬁ (A 11 ((;ff-hmyﬁf ”
3 | BENEDICT’S TEST #(./ 4 f'hﬂngfﬁ’ (0 e f’f’fffr’ﬁ;;’f Euga‘f
g:/mw_ ity I pred.

n ey
4 | BARFOED’S TEST Ked ppf L0 | Manocarehandy

. 7Iﬂ’_1.f/n1,'{JLf’ F«/

< g%}rwmoms | Kerl r/_la n frurfoge.
6 | OSAZONE TEST M@M P | Bruclose
— Y il (. Contivw J

RESULT: _/visctose { Vel 1o le)
/ ehystal,
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EXPERIMENT No. ‘;‘

DETECTION OF GALACTOSE IN A GIVEN SOLUTION.

Date:

APPARATUS: Test tubes, Test tube holder, Test tube Rack, Pipettes, Beaker, Water bath,

Burner, Glass slide, cover slip and Microscope.

REAGENTS: Molisch’s Reagent, Iodine Reagent, Benedict’s Reagent, Barfoed’s Reagent,
Seliwanoff’s Reagent, Osazone Mixture, Conc. HCI, Conc. H,SO4, 5% NaOH
& Original solution (Galactose solution).

No. TESTS OBSERVATION INFERENCE
1 | MOLISCH’S TEST £ yedclish violet (a Y/vovad wfe
2ing s féwmfc/ 5P vesenl
2 | IODINE TEST /\/O Cbaﬂ{}(”/t’ in_coly MO'[?() dﬁd
oli caccho vide vl
‘\ ! )
3 BENEDICT’S TEST J/f //0 w ora ﬂ;’f [Dp/- XPC/(I(JH(? (LL?//Q/)’
present
4 | BARFOED’S TEST /2 t"fﬁﬂ ,/)'D[' 1N 7zﬂf: Mrmn V7144 ban‘cﬂu
_Dvarer) )L
SELIWANOFF’S A8 swvar i
> v
TEST
pyesen £
g%ﬂ_g.ﬂg Ayelef) {

SKETCH OF THE OSAZONE CRYSTALS

RESULT: aaﬂa{ fose confir.
“tlelly shoped Crpsl
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Date:

EXPERIMENT No._$~ —
e
pETECTION OF LACTOSE IN A GIVEN SOLUTION,

er, Test tube Rack, Pipettes, Beaker, Wag,
] r b

lip and Microscope. ath

APPARATUS: Test tubes, Test tube hold
Burner, Glass glide, cover 8

s Reagent, lodine Reagent, Benedict’s Reagent, Barfoed’
ff's Reagent, Osazon¢ Mixture, Conc. HCI, Conc. Hz80, ssgfggem’
’ 0 aOH

REAGENTS: Molisch’
lution (Lactose solution).

Seliwano
& Original s0

No. TESTS OBSERVATION INFERENCE |

1 | MOLISCH’S TEST _/AD[Cmefﬂ/ ,flfﬂf//ifﬁ Grrbo/)ydm{p

e —

Al chinge i o -
: 000 andd gy couba,

2 | IODINE TEST

Reel ppt foveraban | Reduring SM
- Suges e

3 | BENEDICT’S TEST

Red ppt after 7min Digsacchavide preg
.

4 | BARFOED’S TEST

SELIWANOFF’S |,
TEST Jﬂ /1 . (c }/ UV

6 | OSAZONE TE 1‘7&/
ST f ' 7{ lackse confivm
5 :

SKE :
TCH OF THE OSAZONE CRYSTALS

RESULT:_LQ{UK (ﬂdf_/}f-ff’frl)*’(”

¢ Vi,‘%/ﬁ.{i :
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EXPERIMENT No.___ /£
DETECTION OF MALTOSE IN A GIVEN SOLUTION.

Date:

APPARATUS: Test tubes, Test tube holder, Test tube Rack, Pipettes, Beaker, Water bath,
Burner, Glass slide, cover slip and Microscope.

REAGENTS: Molisch’s Reagent, lodine Reagent, Benedict’s Reagent, Barfoed’s Reagent,
Seliwanoff's Reagent, Osazone Mixture, Conc. HCI, Conc. H;S8O4, 5% NaOH

& Original solution (Maltose solution).

No. TESTS OBSERVATION INFERENCE
1 MOLISCH’S TEST VIOICt a'f'ddr.f/? Y[ﬂ{(;l ‘('S /\OVAO{J/I/‘({Y({(C
;f;wmﬂ/ al thmdian L3 'n vetenf.
N s cechande py i)
| ; ' Kaligitnn. in
3 BENEDICT S TEST 2"){'[ ,D,D,- ‘L”[ — G{( (( U/ I}’zrll’
U]armfr/ / P yesent
4 | BARFOED’S TEST Kl’(_’( /JD/ / p mm(d C//(?)'Cf((/ﬂ((i’}({f flf
'-"///M %‘ntf\ /3?\"‘(@?
\ ,
s | SELTWANOFF’s Nl thunge o é{j’ﬁ/ kel troar 1
TEST [ 4 [7]
e vcluded
6 | OSAZONE TEST ﬂun Ir/a ity Ihﬂ'ﬂﬂ‘/ M{{//ﬁf( (’M/}m
¢ }*Wﬁﬂ’f Yo mrdf

SKETCH OF THE OSAZONE CRYSTALS

RESULT: M d!L{' of€ é cunf. /aLMf"/_Slfwﬂ‘fd’}

'c*:&fgm’;)
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