FSTC 313

FOOD CHEMISTRY LABORATORY

Lab #2: Carbohydrates
1. Introduction
Carbohydrates in foods are important for their structural, functional, and nutritional properties, and for their participation in many types of chemical reactions.  Polysaccharides exist in foods as a diverse array of naturally occurring polymers and a wide variety of chemically modified forms.  The physical state and chemical nature of polysaccharides influence the texture, appearance, and mouth feel of foods.  The products of starch hydrolysis (corn syrup solids) vary in viscosity, taste, and chemical reactivity as a function of the degree of polymerization of the sugars/oligosaccharides present.

Sugars exist as either reducing or non-reducing forms, which differ markedly in reactivity.  Sucrose, commonly known as table sugar, is a non-reducing disaccharide composed of an alpha-D-glucose molecule and a beta-D-fructose molecule linked by an alpha-1,4-glycosidic bond. When this bond is cleaved in a hydrolysis reaction, an equimolar mixture of glucose and fructose is generated. Although sucrose is a non-reducing sugar, processing or storage of sucrose-containing foods under acidic conditions can yield sufficient hydrolysis of sucrose that carbonyl-amine and other reactions involving reducing sugars can take place.  Even storage of low- or intermediate-moisture foods containing acidic compounds (e.g. citric or phosphoric acid) can induce browning due to sucrose hydrolysis.  The fructofuranosidic linkage of sucrose is more susceptible to hydrolysis than many other glycosidic bonds.  This exercise is designed to illustrate the acid catalyzed hydrolysis of sucrose.
The hydrolysis ('inversion') of sucrose, completely or partially, to glucose and fructose provides sweet syrups that are more stable (i.e. less likely to crystallize) than pure sucrose syrups. This hydrolysis reaction has historically been performed using acid hydrolysis (e.g. golden syrups). However, with the growth in the market for colorless invert syrups, which are costly to produce using acid due to the downstream purification needed, the use of enzymes has become more popular. Sucrose can be hydrolyzed in the presence of an enzyme called invertase.
[image: image1.emf]
The official name for invertase is beta-fructofuranosidase, which implies that the reaction catalyzed by this enzyme is the hydrolysis of the terminal nonreducing beta-fructofuranoside residues in beta-fructofuranosides. Invertase is mainly used in the food industry where fructose is preferred over sucrose because it is sweeter and does not crystallize as easily. A wide range of microorganisms produce invertase and can, thus, utilize sucrose as a nutrient. Commercially, invertase is biosynthesized chiefly by yeast strains of Saccharomyces cerevisiae or Saccharomyces carlsbergensi. For health and taste reasons, its use in food industry requires that invertase be highly purified.
2. Objective
The objectives of this experiment are:

a. To compare the quality of sugar hydrolysates obtained by acid and enzymatic hydrolysis methods and illustrate their influence on reactivity, sweetness, and viscosity.

3. Materials
Acid Hydrolysis of Sugars

· 0.01 M HCl.
· 2.5 mM solution of sucrose freshly prepared in 0.01 M HCl.
· Reducing sugar color reagent: 3,5-dinitrosalicylic acid (1.0% w/v) in 1.43 M Na-K tartrate (prepared by dissolving 1.0 g of 3,5-dinitrosalicylic acid in 20 ml of 2 M NaOH and 30 g Na-K-tartrate dissolved up to 100 ml with distilled water).

· 40°C, 50°C, 70°C water baths (see class presentation!)
Enzymatic Hydrolysis of Sugars
· 100 mM solution of sucrose in 100 mM acetate buffer (pH 4.8, prepared by mixing 6.0 mL of glacial acetic acid and 8.2 g of sodium acetate anhydrous in 1L of water).
· Invertase enzyme solution (50 mg/l)

· 40°C, 50°C, 70°C water baths. (see class presentation!)
· 3,5-dinitrosalicylic acid reagent (previously prepared).
4. Methods (Follow the Instructions of the TA during Class!!!)
Acid Hydrolysis of Sugars

     
1. Place a 0.5 mL portion of the sugar solution into each of 4 screw-cap test tubes.  Also prepare a blank containing 0.5 mL of 0.01 M HCl (with no sugar). 

   
2. Retain one tube as a control, and then place the rest of the tubes (including the blank) in one of each water bath at the different temperatures (40, 50, 60, 70°C etc).  With accurate timing, remove tubes after 5, 10, and 20 minutes.  Cool immediately on ice. 

  
3. Color reaction:  when all tubes have been removed, add 0.5 mL of 3,5-dinitrosalicylic acid reagent to each (including the blanks and 0-time controls).  Cap tightly, mix, and place in a boiling water bath for 7 minutes.  Cool on ice or in cold water, and then add 5 ml of distilled water to each. 


4. Read the absorbance at 540 nm after zeroing the spectrophotometer with the blank. 
Enzymatic Hydrolysis of Sugars
1. Pipet 0.5 mL of the sugar solution and 0.5 mL of the invertase enzyme solution into each of 4 screw-cap test tubes. Prepare also an acetate buffer blank.
2. Retain one tube as a control, and place the rest of the tubes in one of each water bath at the different temperatures (30°C, 50°C, 70°C).  With accurate timing, remove tubes after 5, 10, and 20 minutes.  Cool immediately in an ice bath. 

3. To estimate reducing sugar concentration, add 0.5 mL of 3,5-dinitrosalicylic acid reagent to each (including the blanks and 0-time controls).  Cap tightly, mix, and place in a boiling water bath for 7 minutes.  Cool on ice, and then add 5 ml of distilled water to each. 

4. Read the absorbance at 540 nm after zeroing the spectrophotometer with the blank. 
TIP: Start BOTH reactions as soon as possible (acid AND enzymatic at the same time, so you don’t have to wait twice as much time).

5. Results
a. Describe in detail how would you prepare 1L of each of the solutions used in this lab (show your calculations): 0.01 M HCl, 2.5mM of sucrose, and 100 mM of sucrose.

b. Plot absorbance as a function of time at each temperature for each procedure (acid and enzymatic hydrolysis). Calculate the slope and use it to discuss the influence of temperature on each reaction.

