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Experiment 10 

Quantitative Determination of Carbohydrates and Lipids 

PART 1: Quantitative Determination of Carbohydrates  

DETERMINATION OF GLUCOSE in plasma 

Glucose, also called dextrose, a subcategory of carbohydrates. known as simple sugars 

(monosaccharides). Glucose has the molecular formula C6H12O6. containing six carbon 

atoms and an aldehyde group, and is therefore an aldohexose, reducing sugar. It is the 

source of energy in cell function, and the regulation of its metabolism is of great. Excess 

sugar molecules are stored as glycogen in liver and muscles (Glycogenesis). If we do not 

consume enough carbohydrates for a prolonged period of time, fat and protein will be 

degraded to produce energy (gluconeogenesis) while glucose is released when needed 

from the breakdown of glycogen in a process known as glycogenolysis. 

Glucose level in blood is kept within a narrow range through a variety of process. The 

primary hormone of blood sugar regulation is insulin (basal, bolus). Insulin has a blood 

glucose reducing effect secreted by pancreatic beta cell. 

 Although there is some variation in blood glucose as circumstances change (feeding, 

prolonged fasting, exercise), levels above or below the normal range usually indicate 

a disease. Glucose determinations in serum or blood are ordered for the diagnosis 

and follow-up of abnormalities of carbohydrate metabolism (diabetes mellitus, 

hypoglycemia), and cerebrospinal fluid glucose determinations are performed in 

conditions such as: An increased CSF glucose level is seen in hyperglycemia while 

Decreased CSF glucose in Bacterial Infection (suspected meningitis) and 

Hypoglycemia. 

Main purpose of the determination of blood glucose is the diagnoses of diabetes. 

Increased fasting blood glucose levels are an indication for diabetes. The aim of further 

diagnostics is a differentiation between type I and type II diabetes. Whereas type I 

diabetes has its roots in an insulin deficiency and sometime normal or even increased 

insulin levels are observed in type II diabetes in case of insulin resistance. Type I 

basically necessitates an insulin substitution therapy, whilst type II can be treated by 

dietary measures or medication, depending on its severity. 
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Blood glucose determination using the enzymatic colorimetric method 

Principle: 

Glucose is oxidized by glucose oxidase (GOD) to gluconic acid and hydrogen 

peroxide. Hydrogen peroxide reacts, which in the presence of peroxidase (POD) , 

react with with chloro- 4-phenol(chromogen) and 4-amino-antipyrine to form a red 

quinine imine dye as a colored complex. The absorbance of the colored complex is 

measured, the intensity of the color formed is proportional to the glucose 

concentration in the sample. 

Glucose + O2 +H2O
Glucose oxidase

Gluconic acid + H2O2

H2O2 + Reduced Chromogen
Peroxidase

Oxidized Chromogen + H 2O
 

 

Caution while working with serum/plasma samples: 

1) Assume that every sample is hazardous and use appropriate protection at all times. 

2) Serum sample may contain viruses such as hepatitis A, B, C or HIV, bacteria and 

other microorganisms. 

3) Make sure to wear personal protective equipment (PPE) – mask, gloves, 

protective clothing, glasses/goggles, face shields, shoe covers. 

4) Dispose micropipettes, cuvettes, and tips in an autoclavable bag in the designated 

area. Make sure to ask your lab supervisor if you do not know how to dispose 

biological waste. 

5) Make sure to you are using biocides such as 70% ethanol to sterilize and clean up 

your working area and devices used in the experiment (micropipette and 

glassware) 

6) Before you leave the lab make sure to follow personal hygiene aspects, 

including hand washing and other good practices to reduce the spread of 

infections and viruses. 

 

 

https://www.ccohs.ca/oshanswers/diseases/washing_hands.html
https://www.ccohs.ca/oshanswers/diseases/good_hygiene.html
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Procedure: 

 

1. Bring reagents (kit) and sample (serum) at room temperature. 

2. Use micropipettes P10, P1000, and use 3 Eppendorf labeled as B (G), S(G), Std 

(G) to prepare the assay as follow: 

 

 

3. Mix and incubate for 20 minutes at room temperature or 10 minutes at 37C 

Note: mix by flipping the tube upside down smoothly, do not shake vigorously as 

this will results in bubbles and will interfere with your measurements). 

4. Measure the absorbance of sample and standard at 500 nm within 60 minutes 

against reagent blank. 

 

Why is a reagent blank value maintained? In order to eliminate the influence of the 

intrinsic colour of the reagent on the result.  

Calculation: 

The equation for Beer’s Ambert Law:  A= E x C x L   

 

Where: 

 

A= absorbance (no units) 

 

E = a Greek Letter (ε) Epsilon, the molar absorption coefficient or molar absorptivity 

with units of Liter/ (cm x mole) 

 

L = the path length of a sample usually expressed in cm 

 

C= the concentration of the compound in solution, expressed in M (mol/l) 

 

If we have two concentrations of the same solution, then they have the same molar 

Pipette into 

test tube  

Blank 

B (G) 

Sample  

S(G) 

Standard  

Std (G) 

Reagent    1 ml 1 ml 1 ml 

Demineralized 

water 

10 l - - 

Sample  - 10 l - 

Standard   - - l 
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extinction coefficient (E), and the length path (l) is 1 cm in most spectrophotometers. 

A = (E l) C 

(E l) = A/C 

➢ E x l (1st concentration) = E x l (2nd concentration) 

➢ E 1= E2 

➢ A/C 1= A/C2 

 

Let C1 be the standard concentration and A1 be the absorbance of standard, 

C2 is the sample concentration and A2 is the absorbance of sample. 

 

Therefore, the absorbance/concentration relationship can be applied using the same 

linear equation we got for the standard. As follow,  

 
(𝐴2) 𝑎𝑏𝑠𝑜𝑟𝑏𝑎𝑛𝑐𝑒 𝑜𝑓 𝑠𝑎𝑚𝑝𝑙𝑒 

(𝐶2) 𝑐𝑜𝑛𝑐𝑒𝑛𝑡𝑟𝑎𝑡𝑖𝑜𝑛 𝑜𝑓 𝑠𝑎𝑚𝑝𝑙𝑒 
=

(𝐴1)𝑎𝑏𝑠𝑜𝑟𝑏𝑎𝑛𝑐𝑒 𝑜𝑓 𝑠𝑡𝑎𝑛𝑑𝑎𝑟𝑑 

(𝐶1) 𝑐𝑜𝑛𝑐𝑒𝑛𝑡𝑟𝑎𝑡𝑖𝑜𝑛 𝑜𝑓 𝑠𝑡𝑎𝑛𝑑𝑎𝑟𝑑 
 

 

 
Therefore  

 
 
        Concertation of sample (C2) = 

 
 
 

 

The Glucose concentration is mg/dl. Subsequently, the concentration may be 

converted into SI-units (mmol/l).  the conversion factor includes the molar mass of the 

glucose. 

Glucose [mg/dl] x 0,05551 = Glucose [mmol/l] 

• Concentration of standard solution = 100 mg/dl. 

• The reaction is linear up to at least 500 mg/dl. If higher concentration, dilute the 

specimen with saline solution and re-assay taking into account dilution factor to 

calculate the result. 

Normal glucose range: 

• Random Blood Sugar : < 140 mg/dl 

• 2 hr-Post Prandial Blood Sugar : <140 mg/dl 

• CSF : 40 to 70 mg/dl (1/3 of plasma glucose) 

• Urine : Absent 
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Fasting  blood glucose level 

70-100 mg/dl (5.6 mmol/L) Normal  

100-125 mg/d (5.6–6.9 mmol/L). impaired blood glucose level 

(prediabetic ) 

> = 126 mg /dl ( ≥7.0 mmol/L) hyperglycemia ( diabetes) 

Fasting or at any time < 70 mg/dl  (< 3.9  

mmol/L  

hypoglycemia 

 

Example for the calculation 

A patient visits ambulatory clinic for routine follow-up, where the lab takes a blood 

sample for glucose test. Lab result where: 

Absorbance Standard (Std) = 0.26.        Absorbance of sample = 0.24 

Calculate the patient’s glucose concentration and give interpretation. 

Glucose concentration= (0.24 / 0.26) * 100𝑚𝑔/d𝑙 = 92.3 𝑚𝑔/d𝑙   

Patient has a normal glucose level . 

The control sample thus has a glucose content of 92.3 mg/dl, corresponding to a 

concentration of 5.12 mmol/l.  
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PART 2: Quantitative Determination of Lipids 

1. Cholesterol determination in plasma-enzymatic colrimetric method 

Cholesterol is a wax-like substance, found only in animal source foods.  Also 

cholesterol is synthesized in the liver. It the basis for the synthesis of other steroids, 

including the sex hormones estradiol and testosterone, as well as other steroids such 

as cortisone and vitamin D.  

Lipoproteins are particles made of protein and 

fats (lipids). They carry cholesterol through 

blood stream to cells. Lipoproteins such as 

Chylomicron, VLDL, LDL, HDL, are different 

types of cholesterol found in the blood cells. 

They carry cholesterol through your blood 

stream. The two main groups of lipoproteins 

are called HDL (high-density lipoprotein) or 

"good" cholesterol (carries cholesterol from tissues to liver) and LDL (low-density 

lipoprotein) or "bad" cholesterol which carries cholesterol from liver to body tissues. 

 

Clinical significance   

These lipoproteins carry cholesterol to the cells through arteries. If high levels of LDL 

particles, cholesterol can build up in body arteries and form blockages called plaques. 

This condition is known as atherosclerosis or "hardening of the arteries." It can lead 

many serious medical conditions including: Coronary artery disease, narrow or 

blocked arteries in heart as ischemic heart disease, myocardial infarction, Stroke, 

Peripheral arterial disease, blocked arteries in your legs or arms, Other blood vessel 

diseases. 
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The level of cholesterol in plasma reflects the concentration of lipoproteins in plasma. 

The HDL and LDL are the cholesterol rich lipoprotein fraction therefore high or low 

level of cholesterol in plasma will reflect high or low level of lipoproteins.  

Management for high lipid level (hypercholesteremia or hyperlipidemia) is lifestyle 

change, exercise, diet, smoking cessation and lipid lowering agent (statins). 

Principle of cholesterol test: 

Cholesterol is determined after hydrolysis (by cholesterol esterases) and oxidation (by 

cholesterol oxidase). The indicator quinoneimine is produced from hydrogen peroxide 

and 4-aminoantipyrine in the presence of phenol and peroxidase. 

 

Procedure: 

1. Bring reagent and sample at room 

temperature. 

2. Use micropipettes P10, P1000, and 

use 3 Eppendorf labelled as B (Ch), 

S(Ch), Std (Ch) to prepare the assay 

as follow: 

 

 

 

 Blank 

B (Ch) 

Sample 

S(Ch) 

Standard  

Std(Ch) 

Reagent 1.0 ml 1.0 ml 1.0 ml 

Sample -- 0.01 ml -- 

Standard -- -- 0.01 ml 
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3. Mix, incubate at 25 C for 10 minutes at room temperature or 5 minutes at 37 C 

for 10 minutes. 

Note: mix by flipping the tube upside down smoothly, do not shake vigorously as 

this will results in bubbles and will interfere with your measurements). 

 

4.  Read absorbance of sample and standard at 500 nm against reagent blank. 

The color is stable for at least 30 min protected from light 

Concentration of standard 200 mg/dl (5.17 mmol/L) 

 

Reference Values: 

Updated clinical values of total cholesterol used to classify risk groups. 

 

Total cholesterol level Interpretation ( risk 

classification) 

< 200 mg/dL < 5.18 mmol/L Desirable 

200-239 mg/dL 5.18-6.18 mmol/L Borderline high 

240 mg/dL and above > 6.2 mmol/L High 

 

 

Concertation of sample (C2) = 

 

 

If result need to be expressed as SI unit: conc. in mg/ dl x 0.0259= conc. in mmol/L 

 

Example:  

The following measurements were obtained: sample absorbance= 0.262, standard 

absorbance= 0.239, standards concentration =200 mg/dl. Calculate the concentration 

of cholesterol (mmol/ L) in your sample and give an interpretation.? 

 

Concentration of cholesterol= (0.262 / 0.239) x 200 mg/dl = 219mg/ dl >> borderline 

high cholesterol level. 

Conc. Cholesterol= 5.67 mmol/ L >> borderline high cholesterol level. 
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3.Triglyceride determination using the Enzymatic/ colorimetric method 

Principle: Triglycerides: are esters of fatty acids & glycerol. they can be hydrolyzed 

by strong alkali or acid, or by lipase enzyme, which is found in all tissues like blood 

plasma. Enzymatic hydrolysis of serum triglyceride by lipoproteinlipase (LPL) to 

glycerol and 3 free fatty acids. The glycerol is phosphorylated to glycerol-3-phosphate 

in presence of glycerol kinase (GK) and ATP and then convened by glycerol-3-

phosphate oxidase (GPO) into dihydroxyacetonephosphate and hydrogen peroxide. 

Hydrogen peroxide reacts, in the presence of 4-Amino-Antipyrine ( 4-AA) and phenol 

thus forming a red chromogen by peroxidase (POD) , the colour intensity of which is 

proportional to the concentration of triglycerides in the sample. 

 

Procedure: 

1. Bring reagent and sample at room temperature. 

2. Use micropipettes P10, P1000, and use 3 Eppendorf labeled as B (TG), S(TG), 

Std (TG) to prepare the assay as follow: 

 

 

3. 3.Mix, and let the tubes stand 15 minutes at room temperature (16 -25  C) OR 5 minutes at 

37 C.  

Note: mix by flipping the tube upside down smoothly, do not shake vigorously as this will 

results in bubbles and will interfere with your measurements). 

 Blank  

B (TG) 

Sample  

S(TG) 

Standard  

S(TG) 

Reagent  

 

1.0 ml 1.0 ml 1.0 ml 

Sample  - 0.01 ml - 

standard - - 0.01l 
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4. 4.Read absorbance of sample and standard at 500 nm (against the reagent blank). 

• Concentration of standard 200 mg/dl (2.26 mrnol/L) 

 

Updated clinical values of total cholesterol used to classify risk groups: 

 

Triglycerides level  Interpretation (Risk 

classification) 

Below 150 mg/dL Below 1.7 mmol/L Desirable 

150-199 mg/dL 1.7-2.2 mmol/L Borderline high 

200-499 mg/dL 2.3-5.6 mmol/L High 

500 mg/dL and above Above 5.6 mmol/L Very high 

 

Concertation of sample (C2) = 

 

 

Sample with concentration higher than 800 mg/ dl should be diluted 1 : 2 with saline 

and assayed again. Multiply result by 2. 

If result need to be expressed as SI unit: conc. In mg/ dl x 0.0113= conc. mmol/L 

 

Example:  

The following measurements were obtained: sample absorbance= 0.083, standard 

absorbance= 0.219, standards concentration =200 mg/dl. Calculate the concentration 

of TG (mmol/ L) in your sample and give an interpretation.? 

 

Concentration of triglycerides= (0.083 / 0.219) x 200 mg/dl = 75.8 mg/ dl  >>>> 

normal ( desirable) TG level. 

Conc. TG = 75.8 X 0.0113 = 8.7 mmol/ L 

  




