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Collection and handling of blood samples

LAB EXPERIMENT  1



Blood and the circulatory system

The circulatory system is made up of the heart, blood and blood 

vessels.

What exactly is blood and what does it do?

Blood is a tissue that circulates in a closed system of blood vessels.





Blood fractionation







Steps of safe blood sampling

Step 1:    select equipment,  prepare area

Step 2:    prepare patient, collect blood sample

Step 3:    transfer blood sample

Step 4:    waste management



BLOOD COLLECTION TOOLS

Material:

⚫ • Tourniquet.

⚫ • Vacutainer or syringe.

⚫ • Alcohol swab.

⚫ • Bandage/ medi-plast



Blood can be collected from 3 different sources:

⚫ I. Venous blood.

⚫ II. Arterial blood.

⚫ III. Capillary blood.







Arterial blood

⚫ Specially required for estimation of blood gases (ABG):

⚫ PH, CO2 and O2

⚫ Collect quickly, fill completely and seal both ends 

immediately

⚫ No air bubbles







⚫ Most blood collection tubes contain an additive that either accelerates clotting

of the blood (clot activator) or prevents the blood from clotting (anticoagulant).

⚫ A tube that contains a clot activator will produce a serum sample when the

blood is separated by centrifugation and a tube that contains an

anticoagulant will produce a plasma sample after centrifugation.

⚫ Some tests require the use of serum, some require plasma, and other tests

require anticoagulated whole blood.



The table below lists the most commonly used blood collection tubes.



ANTICOAGULANT TUBE

⚫ EDTA (Ethylene Diamine Tetra-Acetate) liquid:

⚫ Types: Na and K2 EDTA (1.5-0.25mg /ml)

⚫ Functions by forming Ca salts to remove Ca.

⚫ Uses: most hematology studies. such as:

CBC, PCR and HbA1c.



Sodium citrate (1:9 ratio).

⚫ Anticoagulant: 32g/l.

⚫Action: Remove Calcium.

⚫Uses: Coagulation studies and platelet function.



Sodium Heparin or Lithium Heparin anticoagulant.

⚫ Action: inactivate thrombin and thromboplastin.

⚫ Uses:

⚫ For Lithium level use Na Heparin anticoagulant

⚫ &for Ammonia level use Na or Lithium Heparin





Blood glucose

Dr. Nuha Nihad

LAB EXPERIMENT  2































































Renal function test
Blood urea.
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Urea is the main end product of protein metabolism.

Removal of amino groups from amino acids, from which urea is formed takes

place in the liver.

Urea represents about 50% of non-protein nitrogen (NPN) of normal blood.

What is urea?











Method for quantitative measuring of urea are based on colorimetric 

and spectrophotometric analyses

(urease catalyzes the hydrolysis of urea to ammonium carbonate by 

the reaction)



Estimation of ammonia by Nessler’s method

⚫ Principle:

The Nessler’s reagent is an alkaline solution of potassium mercuric iodide.

⚫ The reaction between Nessler’s reagent and ammonia may be represented 

as:

2(KI)2HgI2 +NH4OH +KOH           NH2Hg2I3 + 5KI +NH4I 

Amm.Dimeric iodide

(Yellow orange)
A known amount of sample was treated with Nessler’s reagent which produces a yellowish brown color. 



The intensity of the color is directly proportional to the 

amount of ammonia originally present.

The main difficulty with Nessler method is the turbidity. Zinc hydroxide is the 

preferred deproteinizing agent, since it eliminates the small amounts of turbidity.



Normal blood contains 15-40 mg

urea/100ml. Up to 500mg/100ml or even

higher values are found in conditions

associated with impaired renal function.





Uric acid
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Uric Acid

 Uric acid is formed from the breakdown of nucleic acids and is an

end product of purine metabolism.

 Uric acid is transported by the plasma from the liver to the kidney,

where it is filtered and where about 70% is excreted in Urine.

 The remainder of uric acid is excreted into the GI tract.



Uric acid

Uric acid is the final breakdown product 

of purine degradation in humans .

Uric acid is synthesized from 

compounds containing purines, and it is 

a waste product derived from purines of 

the diet such as liver, thymus, and 

organ meat.

Uric acid is mainly excreted in urine by 

glomerular filtration. A part of it is 

reabsorbed by the renal tubules



Formation of uric acid

⚫ Endogenously                         nucleoproteins metabolism

⚫ Exogenously                           purines metabolism



Normal Rang

⚫2-7mg/dL





In gout the blood levels of uric acid are increased

and abnormal deposition of uric acid crystals occur

in joints, tendons bone leading to painful condition

of these structures.





Specimen

⚫ Serum or plasma may be used

⚫ Stability in serum / plasma:

– 6 months at -20°C

– 7 days at 4-8°C

– 3 days at 20-25°C



ANALYTIC METHODS—URIC ACID 

⚫ Chemical Method (old) : 

– Phosphotungstic Acid, read the absorbance(Ab) at 700nm (UV). blue Colored 

product

⚫ Enzymatic Method: is More specific

– By using Couple reaction of uricase and Peroxidase. Pink solution (Ab at 500nm 

spectrophotometric) Pink color solution. 



Chemical Method
Henry-Caraway – Phosphotungstic acid method

⚫ Principle : Uric acid in the protein free filtrate reacts with

phosphotungstic reagent (H3PW12O40) in the presence of

sodium carbonate (alkaline medium) to form a blue colored

complex. The intensity of the color formed is directly

proportional to the concentration of uric acid present in the

sample.

https://en.wikipedia.org/wiki/Hydrogen
https://en.wikipedia.org/wiki/Phosphorus
https://en.wikipedia.org/wiki/Tungsten
https://en.wikipedia.org/wiki/Oxygen


Measuring uric acid

o Uric acid is oxidized to allantion and carbon dioxide by a phosphotungstic acid regent in alkaline 

solution 

o Phosphotungstic acid is reduced in this reaction to tungsten blue which is measured at 700 nm. 

o Protein have been removed by precipitation with tungstic acid.







Plasma creatine and creatinine
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Significance

⚫ Creatine

Creatine is very important for the body. It is a natural compound created in 

the body and is obtained from the diet through meat products.

⚫ Creatinine

Creatinine does not perform any vital function in the body.. 

However, Creatinine levels in the blood can help your doctor assess how 

well your kidneys are working.





Specimen

⚫ One can analyze serum, plasma, or diluted urine. 

⚫ The common anticoagulants (fluoride and heparin) do 

not cause interference, though heparin, which can be 

formulated as the ammonium salt, must be avoided in 

enzymatic methods that measure ammonia 

production.

⚫ Storage

– 7 days at 4-25oC

– At least 3 months at -20oC



METHODS

⚫ Colorimetric:  Jaffe Reaction

NaOH
creatinine +          picric acid (reddish-orange complex)

alkaline picrate

– Noncreatinine chromagens (color-producing substances) such as glucose, ketones and 

vitamin C may interfere with this reaction

– Jaffe KINETIC method modification was designed to monitor the rate of the reaction at 

selected time intervals to avoid picking up noncreatinine chromagens.  (Typically 25 – 60 

seconds)

⚫ Enzymatic: Creatinine aminohydrolase

– A variety of coupled enzymatic methods are available.



Jaffe reaction Method

1- Plasma creatinine:

Creatinine levels are measured by a reaction between creatinine and sodium

picrate to form creatinine picrate, which is red in color.

Creatinine + alkaline picrate Creatinine-picrate complex 

( red -orange)  

Sodium picrate in alkaline solution is added to plasma filtrate.

2- Plasma creatine:

Creatine levels are usually measured by difference in the creatinine 

before and after conversion to creatinine by acid and heat.



CLINICAL INTERPRETATION

INCREASES

⚫ Any renal factors

⚫ Creatinine is NOT affected by diet

⚫ Creatinine is NOT typically reabsorbed by 

the tubules

⚫ Creatinine levels reflect the glomerular 

filtration rate (GFR)



DECREASES

⚫ No medical significance



CLINICAL INTERPRETATION

⚫ Creatinine is more specific than BUN since 

it is not affected by nonrenal factors.

⚫ Remember: Creatinine serum levels are 

not above normal until ½ to ¾ of kidney 

function is lost.



Explain why this test provides more sensitive 

measure of renal damage than blood urea?

Because renal damage is the only cause of 

creatinine increasing levels.







Scheme for salt fractionation of serum 
proteins
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Aims

Using salt fractionation and biuret method to determine the 

followings in the serum:

– Total proteins

– Albumin + α-globulin

– Albumin

– γ-globulin



Serum Total Protein

⚫ Serum total protein, also called plasma total protein or total 
protein, is a biochemical test for measuring the total amount of 
protein in blood plasma or serum.

⚫ Protein in the serum is made up of albumin and globulins. 

⚫ Note: the globulins in turn is made up of α1, α2, β, and γ 
globulins. 

Mohammed Laqqan



28%

23%

1.4%



Salt fractionation

– Without                                 Total proteins 

– Using  23% Na2SO4                                     (Albumin + α-globulin) 

(supernatant)

– Using   28% Na2SO3                                                  Albumin

(supernatant)

– Using  1.4% (NH4)2SO4 γ-globulin

sodium sulfate

sodium sulfite

(ppt)







What is protein fractionation?

It depends on the principle that most proteins are less

soluble in solutions of high salt concentrations because

the addition of salt ions shield proteins with multi-ion

charges. Those charges help protein molecules interact,

aggregate, and precipitate.



Salting In

⚫ Low concentrations of salt the solubility increases.

This could be explained by the following:

⚫ Salt molecules stabilize protein molecules by :

⚫ Decreasing the electrostatic energy between the protein 

molecules which increase the solubility of proteins.
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Salting out

⚫ High concentration of salts the solubility decreases, 
and protein precipitates. 

This could be explained by the following:

⚫ because the excess ions (not bound to the protein) compete 
with proteins for the solvent.

⚫ The decrease in solvation allows the proteins to aggregate and 
precipitate . 



The traditional method for measuring total protein uses the 
biuret reagent, but other chemical methods are also available. 



at 540nm 



provide an alkaline medium 



Specimen

⚫ Serum and plasma may be used, and all usually yield
comparable results, though, because of the presence of
fibrinogen, plasma levels for total protein higher than serum
levels.

Total protein is stable in serum and plasma for

– 1 week at room temperature,

– and for at least 2 months at –20° C

Mohammed Laqqan



100

0.1

𝞦

𝞦

100

0.1

gm/100 ml

gm/100 ml

gm/100 ml







Serum Phosphatases
Alkaline Phosphatase and Acid Phosphatase

Dr. Nuha Nihad

University of Baghdad

College of Science

Department of Chemistry

LAB EXPERIMENT  7



Aims

Using King-Armstrong method to determine the levels of:

– Serum Alkaline Phosphatase

– Serum Acid Phosphatase



Phosphatases

Phosphatases are enzymes which catalyze the splitting the 
terminal phosphate group from monophosphate esters. 

The Phosphatases belong to a class of enzymes called hydrolases.

Mohammed Laqqan



Phosphatases

In alkaline solution pH=9-10 In acid solution pH=5-6

Alkaline 

Phosphatase
Acid 

Phosphatase

Exhibits optimum activity

EC (3.1.3.1) EC (3.1.3.2)

EC (3.1.3.X)



⚫Alkaline Phosphatase

Alkaline 

medium

Removes 

phosphate

groups from 

molecules

Enzyme

EC (3.1.3.1)

ALP

1- Bone
2- Biliary system



⚫Acid        Phosphatase

Acid 

medium

Removes 

phosphate

groups from 

molecules

Enzyme

EC (3.1.3.2)

ACP



EC (3.1.3.x)

Enzyme Commission number

Hydrolases

Ester bond

phosphatases

removing phosphate group 

https://en.wikipedia.org/wiki/Ester


King Armstrong Method

Principle:

⚫ Disodium phenylphosphate is cleaved by the enzyme phosphatase and 
the released phenol is detected (by converted to red quinon complex 
under alkaline conditions and with the addition of 4-amino antipyrine).

⚫ Substrate                           Disodium phenylphosphate

⚫ Temp.                                           37℃
⚫ Alkaline Phosphatase pH=10, time 30min.

⚫ Acid Phosphatase pH=4.9, time 1hr.



King-Armstrong units was using to estimate activities of ALP and ACP.

King-Armstrong units, one unit being milligrams of phenol liberated by 

100ml of serum under the following condition:

⚫ pH 10, 37℃ and 30 min. for ALP.

⚫ pH 4.9, 37℃ and 1hr. For ACP.



Calculation

Serum alkaline phosphatase units (K.A.U)      As  - Ac     0.01 

for each 100 mL serum = ---------------- x  -------- x 100

Ast - A B            0.1

A sample - A control

K.A.U/100ml  = ---------------------------------- x 10

A standard - A Blank

The King-Armstrong unit (K.A.U) of alkaline phosphatase is defined as the amount of phosphatase that 

releases 1 mg of phenol from substrate (pH 10) at 37°C for 30min.

Standard value for King-Armstrong method: 3 -13 K.A.U/100ml

Conc. of st.

1mg     100ml

X         1ml

X= 0.01

Vol. of test



Calculation

Acid phosphatase units(K.A.U)        As  - Ac     0.01

for each 100 mL serum =    ---------------- x    --------- x 100

A st - A B                0.2

A sample - A control

K.A.U/100ml  = ---------------------------------- x 5

A standard - A Blank

The King-Armstrong unit (K.A.U) of acid phosphatase is defined as the amount of phosphatase 

that releases 1 mg of phenol from substrate (pH 4.9) at 37°C for 1 hour.

Standard value for King-Armstrong method: 1-3.5 K.A.U/100ml

Vol. of test
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Quantitative determination of carbohydrates
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Aim: To Estimate reducing sugars by:

• The Somogyi-Nelson method.

• Sumner’s method.

• Ferricyanide method (a volumetric method).



⚫ In the Nelson method Cu+2 is reduced to Cu+1 by the reducing activity (free aldehyde or ketone groups)

of the sugar (e.g. glucose)(step 1)

H2O + RCHO + 2Cu+2 RCOOH + 2Cu+1 + 2H +

⚫ Cu+1 is oxidized to Cu+2 by addition of phospho- or arsenomolybdate solution (colorless) (step 2).

Cu+1 + Na3PO4.12Mo+6 O2 Cu+2 + 12Mo<+6 (molybdenum blue)

⚫ The blue color developed is compared with a set of standards in a colorimeter at 700 nm.

1-The Somogyi-Nelson method for estimation of sugars

Principle

Orange/ red

ppt

colorless



The Somogyi-Nelson method

1-Measures the total reducing capacity of a sample (blood or any other 
biological fluid) which normally contains small amounts of other reducing 
substances beside glucose:

⚫ Salts

⚫ Proteins

⚫ Glutathione in RBC

2-The proteins must be precipitated completely without changing the pH of 
the solution, then glucose or the reducing sugar is determined by Somogyi-
Nelson method.



•Somogyi-Nelson copper reagent (Alkaline Copper tartrate).

•Phospho- or arsenomolybdate Reagent (color reagent).

•Stock glucose solution : (0.1mg/ml).

Materials



Somogyi-Nelson method 



In alkaline solution reducing sugar reduces the 3,5-dinitrosalicylic acid 

(DNS) to 3-amino-5-nitro salicylic acid.

Sumner’s method for estimation of sugars

Amount of absorbance directly related to amount of reducing sugar (at 540 nm).

Principle



• DNS reagent (3,5-dinitrosalicylic acid) (color reagent).

• NaOH.

• Stock glucose solution : (10mM).

Materials



1                                                     2                                                     3

Sumner’s method for estimation of sugars



3-Determination of soluble reducing sugars by

ferricyanide method ( a volumetric method).

Principle: 

A part of potassium ferricyanide is reduced to potassium ferrocynide when

heated with alkaline solution by reducing sugars (glucose).

2K3 [Fe(CN)6] +  2KOH      →    2K4 [Fe(CN)6] + H2O + 1/2O2

C6 H12O6 + 1/2O2 →       C6 H12O7

(Glucose)                                      (Gluconic acid)   

(potassium ferricyanide) (potassium ferrocynide) 



3-Determination of soluble reducing sugars by 

ferricyanide method (volumetric method).

The ferrocynide formed a stable complex of potassium zinc ferrocynide. The

remaining ferricyanide is determined from the amount of iodine liberated.

The liberated iodine is estimated by titrating against sodium thiosulfate using starch as an indicator.

2K3 [Fe(CN)6] + 2KI      →    2K4 [Fe(CN)6] + I2

K4 [Fe(CN)6] + ZnSO4 →      K2Zn3 [Fe(CN)6]2 + K2SO4

I2 + 2Na2S2O3 →   Na2S4O6 + 2NaI



Potassium ferricyanide (K3 [Fe(CN)6]) solution.

Sodium thiosulfate (Na2S2O3) solution.

Starch indicator.

Potassium iodide.

Unknown concentration of glucose.

Materials



Steps of titration using starch solution as an 
indicator.

1                                  2                            3                               4                            5



Determining the Concentration of a Solution

⚫Beer’s Law

⚫Standard Curve



Beer’s Law

Abs = ε b C 

where Abs = absorbance (no units)

ε = molar absorptivity (M-1cm-1)

b = path length (cm)

C = concentration (M)

These measurements all take place at the wavelength at which 

our absorbing species absorb!



⚫ A unknown 

⚫ Cst

⚫ Ast

C unknown =
A unknown × Cst

Ast



To obtain the standard curve:

– Prepare a series of colored solutions of known 

concentration (“standards”).

– The absorbance of each solution is measured.

– Absorbance versus concentration is plotted.

– Using the calibration curve equation, the concentration of 

the unknown solution can be calculated, given the 

absorbance of the unknown solution: Unk Abs b

m

−



Standard Curve

Plotting Abs vs. [colored solution] gives:

Abs vs. [colored solution]

y = mx + b

0

0.1

0.2

0.3

0.4

0.5

0 0.1 0.2 0.3 0.4

[colored solution], M

A
b

s

This is called a “calibration curve.”

For    y     = m    x       + b

Abs = m    [colored solution] + b

Abs = ε b  c

After the calibration curve is established with your standard solutions, the equation is used to 

calculate the concentration of the unknown solution, given the absorbance of the unknown solution.



Standard curve

Cunk= 2.9 mM

A-AB

Conc. (mM)



Unit of concentration

⚫ mg/ml

⚫ mg/100ml

⚫ M

⚫ mM

1mg/ml=100mg/100ml

mM=Mx1000



⚫ 0.06 mg/ml

⚫ 6 mg/100ml

⚫ 6 ÷ 1000 = 0.006 g/100ml

⚫

0.006

180
×

1000

100
= 0.0003 𝑀

⚫ 0.0003 𝑀 × 1000 = 0.3 mM











Quantitative determination of amino acids
Quantitative determination of proteins
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1- Quantitative determination of amino acids

Ninhydrin reaction.

Ninhydrin (triketohydrindene hydrate) is used to assess amino acid 
qualitatively and quantitatively in ninhydrin reaction.



1- Quantitative determination of amino acids

Ninhydrin (Triketohydrindene hydrate) oxidizes α-amino acids (containing a free NH2

& free COOH) between pH 4-8 to give purple-colored diketohydrin .

But proline and hydroxyproline (an imino acid, a secondary amino group ) gives yellow

color with ninhydrin.

570 nm

440 nm





لالطالع فقط



1- Quantitative determination of amino acids

540 nm

570 nm



2- Quantitative determination of proteins.

⚫ Determination of proteins by the biuret method

⚫ Determination of proteins by the Folin-Lowry method

⚫ The Bradford assay method

⚫ The ultraviolet absorption method

Colorimetric 

methods

UV absorption



In alkaline solutions, Cu+2 complexes with 

compounds containing two or more peptide 

bonds  (C-N bonds).  

The reagent does not in fact contain biuret

(NH2CONHCONH2). The test is so named 

because the substance biuret  gives a positive 

reaction under the same conditions.

Biuret method.
This method requires relatively large quantities of protein (1-20 mg protein/ml) for detection.

http://www.answers.com/topic/biuret


Peptide (N atom) bonds + alkaline Cu+2 purple coordination complex of copper and 

measure Amax = 540 nm.



The biuret reagent is made of CuSO4.5H2O and NaOH, together with 

sodium potassium tartrate. The reagent turns from blue to purple in the 

presence of proteins.

Protein  +  Biuret Reagent

NaOH, CuSO4 &

Na/K-Tartrate

(Tetra-dentate Complex)

Biuret method.

http://en.wikipedia.org/wiki/File:Biuret_Test_2.jpg


Folin-Lowry method

Two reactions make the blue color develop:

1- The reaction of alkaline copper with protein as in the biuret test 

Cu+2 + peptide bonds → Cu+1 -peptide bond complex, produces purple-blue color

2- The reduction of Folin-Ciocalteu reagent（Phosphomolybdic and Phosphotungstic acid）by aromatic 

amino acids (e.g. tyrosine and tryptophan) present in the protein molecule which subsequently causes a 

color change of the solution into blue molybdenum or tungsten complex with an absorption at 700 nm. 

Folin reagent + Cu+1 -complex → reduced Folin reagent, produces dark blue

This method is about 10 times more sensitive than the Biuret method (can detect 

lower concentrations of protein)

.

(by aromatic amino acids)

(Lowry et al, 1951)



Bradford Method

Principle:

⚫ max of Coomassie Brilliant Blue dye G-250 changes from 465 nm to 
595nm upon binding to protein (a greenish-blue color complex)

⚫ Measure A595

Sensitivity: High (~lower than 100g/ml)

Interferences: detergents, Triton X-100, & SDS

Time: rapid



Test tubes containing:
Bradford reagent with protein added.

(λmax) is shifted to 595nm.

Test tubes containing:
Bradford reagent alone.

(λmax) of the dye 465nm 



The ultraviolet absorption method

Warburg-Christian Method ( A280/ A260 Method)

Principle

Proteins show strong absorption at UV 280 nm, primarily due to aromatic amino acids of 

tryptophan and tyrosine residues in proteins. 

Advantages

Rapid

Disadvantages

⚫ Contaminants (especially nucleic acids) also absorb at 260 nm.

⚫ Variable amounts of aromatic amino acids in various proteins.

Tyr

Trp

Protein concentration [mg/ml] =  [1.55 X A280] - [0.76 X A260]



-A protein solution that has a low A280/A260 ratio: Highly contaminated by DNA.

[It shows a higher absorbance at 260nm comparing to absorbance at 280nm].

-A protein solution that has a high A280/A260 ratio: Less contaminated by DNA.

[It shows a lower absorbance at 260nm comparing to absorbance at 280nm].



Method sensitivity Time Reagent

Biuret Low

(0-1mg)

20-30 min Alkaline copper-sulphate

Lowry High

(0-0.1mg)

40-60min Cu+

Folin-Ciocalteu reagent 

Bradford High (0-0.01mg ) 15min Coomassie brilliant blue G-250 

Warburg christian

(A280/A260)

Moderate ----- No reagent

Quantitative determination of proteins. لالطالع

about 0.05- 2.0 mg protein/ml



⚫ There is a linear relationship between absorbance and concentration.

⚫ The amount of protein in the sample can be estimated using a standard curve of a 

selected standard protein solution such as (albumin ).

Determination the concentration of the unknown protein sample
1- Standard curve



Conc. of Unknown = Ab of Unknown  X Conc. of Std

Ab of Std  

Determination the concentration of the unknown protein sample

2- Beer's Law
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Aims

⚫ Isolation RNA from Yeast. 

⚫ Estimation of RNA by orcinol method.



Nucleic acids









1- The isolation of RNA from Yeast.

Principle

Total yeast RNA is obtained by extraction a whole cell homogenate

with phenol which disrupts hydrogen bonding causing denaturation

of the protein.



1- The isolation of RNA from Yeast.

After centrifuging, the homogenate is separated into 2 phases: an aqueous phase

(contains RNA, carbohydrate and some denatured proteins) and an organic (phenol)

phase (contains DNA and some denatured proteins). RNA is precipitated by using

ice-cold 95% ethanol then RNA pellet is washed using ice-cold 70% ethanol.



Why are two concentrations of ethanol used in the 
RNA extraction method?

⚫ 95% ethanol

⚫ 70% ethanol



Ethanol helps to promote RNA aggregation

لالطالع

• Nucleic acids are insoluble in ethanol, so this will
ensure that they precipitate out.

• Adding salts will aid in the precipitation.
• Ethanol has higher dielectric constant than water 

and will thus "soak-out" the water from nucleic 
acid and leave it dehydrated.



70% ethanol

70 % percent of ethanol solution is used during the RNA washing steps. 

This allows the salts to dissolve while minimizing RNA solubility.



The Role of Salt (potassium acetate)                 لالطالع

The role of salt in the method is to neutralize the charges on the
sugar-phosphate backbone. In solution, potassium acetate breaks up
into K+ and [CH3COO]–. The positively charged potassium ions
neutralize the negative charge on the PO3

– groups on the nucleic
acids, making the molecule far less hydrophilic and, therefore, much
less soluble in water.



2- The orcinol method for RNA estimation.

Principle

The orcinol method depends upon the formation of furfural when pentoses (in the

backbone of the RNA molecule) are heated with HCl conc. Orcinol reacts with furfural

in the presence of Fe+3 as a catalyst to give a soluble bluish-green colored complex

which can be measured at 670 nm.



Nucleotide unit



To distinguish between pentose monosaccharide and hexose monosaccharide (to detect pentoses).

Principle:

• Bial's reagent (a solution of orcinol, HCl and ferric chloride).

• Bial’s test uses concentrated HCl as a dehydrating acid and orcinol + traces of ferric chloride [FeCl3] as 

condensation reagent. 

• The test reagent dehydrates pentoses to form furfural. Furfural further reacts with orcinol and the iron 

ion present in the test reagent to produce a bluish or green product, while hexoses yield muddy-brown 

to grey condensation product. 



186

Glucose

(-)

Ribose

(+)









∆
2min.

Read A670 nm

3ml of Orcinol reagent



⚫ mg RNA/ml 

⚫ mg RNA/gm yeast

⚫ % RNA in yeast



Calculations

Standard 

1- Stock standard (50mg/ml RNA)

50mg/ml RNA in 5N HCl

Dissolve 0.05gm of RNA in 1ml HCl (5N) or dissolve 5g of RNA in 

100ml HCl (5N) 

2- Standard (25mg/ml RNA)

50mg/ml×V=25mg/ml × 1

V=   0.5 ml  of Stock standard + 0.5ml HCl (5N)



Calculations                                        ارقام افتراضية

⚫ AT = 0.12

⚫ Ast = 0.72

⚫ AB = 0.02

⚫ Con. of standard (25mg/ml RNA) 

CT = 
𝐴𝑇 −𝐴𝐵

𝐴𝑠𝑡 −𝐴𝐵
× Cst

CT = 
0.12 − 0.02
0.72 − 0.02

× 25mg/ml  =  0.14 × 25mg/ml 

CT = 3.5 mg RNA /ml

g RNA/mlلتحضير المحلول القياسي وبالتالي النتيجة تكون ب g/mlقد يتم استخدام وحدة   : مالحظة



1- RNA

Amount of RNA                             Vol. of sample

3.5 mg 1ml

X                                                   2ml

X = 7 mg/2ml

X = 0.007 gm/2ml



2- Yeast

Amount of yeast                             Vol. of sample

0.3gm 2ml

0.3 gm/2ml



3- g%(w/w) = (gRNA/100gm yeast)

Amount of  RNA                                       Amount of yeast 

0.007 gm/2ml                                              0.3 gm/2ml

X                                                    100gm

X =  2.3 g% (w/w)
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Aim

⚫ The isolation of DNA.

⚫ The diphenylamine method for DNA estimation.



The isolation of DNA.

⚫ The DNA is extracted from an animal or a plant tissue by using cold isotonic saline

solution buffered with sodium citrate at pH=7.4 and a detergent solution containing

the compound SDS (sodium dodecyl sulfate).

⚫ DNA is precipitated as a fibrous white by using ice-cold 95% ethanol then precipitated

DNA is washed using ice-cold 70% ethanol.



⚫ At this ionic strength, the deoxyribonucleoprotein are insoluble and separate

well from other proteins.

⚫ The citrate ions inhibit the activity of the enzyme DNAase by binding Ca+2 and

Mg+2 which are co-factors for this enzyme.







The diphenylamine method for DNA estimation.

⚫ When DNA is treated with diphenylamine under acidic conditions, a blue compound is

formed with the sharp λmax at 595 nm.

⚫ In acid solution, the straight chain of the 2-deoxyribose is converted to the highly reactive β-

hydroxylevulinaldehyde, which reacts with diphenylamine to produce a blue complex.
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Aim

Estimation of glucose, fructose, and sucrose in honey (foodstuff).



Quantitative Analysis of carbohydrate (sugar).

⚫ Volumetric Methods.

⚫ Gravimetrical Methods.

⚫ Chromatographic Methods.

Reducing property of sugar used in :

• Qualitative analysis→ to identify carbohydrates.
• Quantitative analysis → to determine the amounts of carbohydrates in the sample.



Volumetric Method (Luff method)

The sugars content will be determined in honey through the

volumetric method which is based on the reducing properties of

sugars, such as glucose and fructose using LUFF reagent.



Luff Reagent

Contains

• CuSO4.5H2O

• Na2CO3

• Na-K tartrate (prevent CuSO4 precipitated in reagents)

• NaHCO3

• KI

• KIO3

LUFF 

reagent



LUFF reagent

⚫ LUFF reagent contains cupric ions that are reduced by reducing sugars and the excess

is used to reduce KI solution to form I2 which is determined by titration against

Na2S2O3 solution.

Titration with 

Na2S2O3

KI and acid  

adding

R – COH + Cu+2
→ Cu2O + R – COOH



Iodine    x   Thiosulphate

Indicator: Starch

I2 Soln. Brown I2 Soln. Pale Yellow

Add Starch

Blue Black Colorless

End 

Point

I2 + Na2S2O3 → Na2S4O6 + NaI

I2 + starch : blue

Colorless



⚫ Sucrose does not react with complex copper (II) ions, but glucose

and fructose can react with this reagent due to the presence of

aldehyde groups in glucose and alpha hydroxy ketones in fructose.

⚫ To be analyzed by this method, sucrose is hydrolyzed

into glucose and fructose.



Alpha D-glucose Beta- D-fructose
Pyran Ring

Furan Ring

Opened Glucose

Reductive group

Reducing sugars 



Sucrose = a Glucose +  Fructose

Reductive  group 
close each other 
(non-reductive)

Non-reducing sugars 


