
1 1 r T' t- !• 

A QUAIITITATIVE f̂iTHOD POP. DETERMINING 

THE SUGAR COOTIM OF ICE CREAM 

JOSEPH BRYAN EASTHi\K, B.S . i n Ag. 

A THESIS 

IN 

DAIRY INDUSTRY 

Subfidtted t o the Graduate psct i l ty 
o f Texae Technologice l Col lege 

In BSLTtlal Fu l f i l lment o f 
the Bequirenente fear 

the Degree of 

MASTER OF SCIEl̂ CE 

IK 
AGRICULTURE 

Ifey, 1963 



T 3 

/^o.32/ 

ACKNOWLKDOIJIIMTS 

The author wiehes to express einoere appreciation to Dr, M, L. 

Peeples for hie numerous suggeetions, technical contributions, and 

aeeietanoe in preeentation of this material; to Dr. J. J. Willingham 

for hia guidance and auperviaion of the project; to Mr. R. M. Miller 

for his interest in the problem; and to my father, Mr. A. J. fiasthem, 

for his understanding and encouragement throughout this etudy. 

11 



u 

TABLE OF COIiT£NTS 

Page 

ACKHOWLKDGEMSNTS i i 

LIST OF TABLES , i v 

LIST OF FIGURES y 

Chapter 

I . INTRODUCTION 1 

I I . REVIEW OF LITEliATURE 2 

Sugar Determinations 2 

Milk-Solids-Not-Fat Determinations 6 

Clar i f icat ion of Ice Cream Mix 7 

Lactose Determination by a Mucic Acid 

Method 8 

I I I . SCOPE OF INVBaTIGATIOH 10 

IV, PBOCEDURE 11 

General Procedure 11 

Methods and Techniques 14 

Detailed Procedure for Analyzing Ice Cream 

Samples 20 

Calculations , , , , , 22 

V. RESULTS AUD DISCUSSION 25 

VI. GENERAL DISCUSSION AND CUNCLUSIOfUS 49 

VII. SUMMARY 51 

LIST OF HEFEREliCES 33 
APPENDIX 36 

iii 



LIbT OF TABLiaS 

Table Page 

1. Percentage Compoaition of Sugar Mixtures Analyzed 13 

2. Sugar Solutions Tested by the Takahashi Method, , , , . , , 26 

3. Sugar Solutions Tested by the Mucic Acid Method 33 

4r Ice Cream Samples Tested by the Mojonnier, 
Minnesota, and Modified Crowhurst Methods 37 

3, Titration Results of Takahashi Method on the 
Ice Cream Samples 40 

6. Takahashi Values of the Ice Cream Samples and 
Percentages of Sugars Calculated from these 
Data 42 

iv 



" 

LIST OF FIGURES 

Figure p ^ ^ 

!• Squlpnent end Apparatus for Takahashi Teat 17 



I. INTRODUCTION 

Approximately 7.0^ of the total milk production in the United 

Statea is marketed in the form of ice cream. This huge industry is 

highly competitive and manufacturers must utilize every means at their 

disposal to meet the demcmds of the consuming public. It is necessary 

that high quality produota be offered at competitive prices, and that 

these commodities meet the standards set by the federal, etate, local, 

and military authorities. It is important for the manufacturer to 

perform routine analyses on his ice croam to assure himself that the 

products meet these requirements and that they are of uniform composi

tion. 

The major components of an ice cream mix which should be ana-> 

lyzed from a quantitative standpoint are milkfat, milk-aolids-not-fat, 

and sugar. Satisfactory methods are available for checking the amounts 

of fat and mllk-solida-not-fat, but to date there is no simple, inex

pensive method for determining the percentages of the several common 

augers in ice cream. However, numerous procedures have been offered 

for analyzing substances containing only one type of sugar. It is the 

purpose of this study to adapt certain of these procedures to the ana

lysis of ice cream mixes. 



II. REVIEW OF LITjcaATUKE 

Sugar Determinations 

An extensive amount of woric has been done to obtain methods 

for analyzing foods for specific sugar contents. Also, considerable 

difficulty has been encountered in determining the exact amount of 

each individuail sugar when znany are present in the analyzed substance. 

Bertrand (6) was one of the earliest workers to determine re

ducing sugars by the formation of cuprous oxide from the action of 

copper sulfate, rochelle salt, and the sugar solution when boiled to

gether. Later other adaptations of his method were used to determine 

the amount of reducing sugar present in a solution. 

In work done by Benedict (3)t carbonates instead of hydroxides 

in the copper reagent for the analysis of reducing sugars was used be

cause Benedict found the hydroxides to have a greater destructive ac

tion upon dextrose and other carbohydrates than did the carbonates. 

Therefore, a copper solution which made use of sodium carbonate to se

cure the alkalinity provided a more specific and delicate test for the 

detection of reducing sugars than did a copper solution containing 

sodium hydroxide. Later, he (4) formulated a solution of such compo

sition that the reduced copper was precipitated as thiocyanate. This 

compound was white, and furnished a good background for observing the 

end point of the titration. 

The procedure of Luff-Schoorl (s) differed from the above pro

cedures in that crystallized sodium carbonate and citric acid were 

added to the copper reagent, and potassium iodide was added after the 



experimental solutions were boiled. The liberated iodine was titrated 

with thiosulfate cmd the difference between this titration and the one 

toT the water blank was equivalent to the reduced copper, and to the 

quantity of reducing sugar present, 

Evstratova (l2) reported that studies on deteimination of 

glucose in the presence of lactose or maltose showed that the pH of the 

oxidizing mixture had a definite effect on the results. The oxidation 

of sugars was slowed by decreasing the alkalinity of the alkaline copper 

solution, this effect being more pronounced for maltose and lactose than 

for glucose. 

The method devised by Takahashi (31) consisted of modifying 

Fehlings (23) solution so that reducing sugars could be determined by 

back titration. The sample was mixed with a known amount of copper 

reagent, boiled, and then the unreacted copper was titrated with a stan

dard dextrose solution. This simplified test yielded more accurate 

results than others which have been aescribed. 

For the estimation of lactose and saccharose existing together 

in the same solution, Rozental (26) suggested that a combination of the 

Lane-Eynon (25) and Schoorl methods be used, along with Luff's solution, 

(8). 

During th i s same period, other applicat ions of the oxidation-

reduction principle were introduced into sugar analysis , i^olthoff-

Kruisheer ( s ) determined the amount of fructoee present i n a mixture of 

sugars by f i r s t destroying any aldoses present witii hypoiodita, and then 

measuring the remaining reducing power. 

According to Browne ( s ) , when aldoses were determined s e l e c -



tively by the hypoiodite method there was always the possibility that 

other substances could be present which would also reduce hypoiodite, but 

after treating the sample by the Kolthoff-Kruisheer method, the only re

ducing sugars remaining must be ketoses. Of these, frUctose is usually 

the only one to be considered in the usual practice of sugar analysis. 

The method of Shapiro and Proferansova (s) provided for the 

determination of maltose in the presence of sucro&e, glucose, and fructose. 

First, the sucrose was inverted, and then hypoiodite treatment was uti

lized to oxidize the maltose to maltobionie acid. Also, the glucose 

was changed to gluconic acid in this process. The fructose was then 

destroyed by heating with alkali, leaving the aldonic acids unaffected. 

The maltobionie acid was destroyed by heating with dilute acid, and the 

reducing power was determined, 

A slight deviation of the iodine titration method was offered 

by Auerbach and Bodlander (l) who proposed that the total reducing sugars 

of honey be determined gravimetric ally and that the glucose be found 

iodimetrically by titrating with decinormal thiosulfate solution, 

Cejori (9) presented a method in which iodine and cupric hydrox

ide were used as oxidizing agents for determining glucose, fructose, 

and sucrose where these sugars occurred together, and in small quanti

ties. Hinton and Macara (20) also used a process which consisted of 

adding a known amount of standard iodine solution to a given quantity 

of the sugar solution, rendering the mixture alkaline and allowing it 

to stand for a short time, then re-acidifying and titrating the excess 

iodine with a standard thiosulfate solution. Later, in an attempt to 

enelyze for lactose in foods, theae same workers (2l) Introduced the 



idea of using Chloramine - T in conjunction with iodine to yield results 

more comparable to those obtained by using copper as the oxidizing agent. 

They found that when condensed milk was analyzed for lactose, higher 

lactose values were obtained by the iodine method than were found when 

copper was used. The explanation offered for this phenomenon was that 

the nitrogenous substances whicn were incompletely removed during the 

preparation of the milk serum reacted with the iodine or hypoiodite, 

thereby giving high results for lactose, however, when the serum was 

made slightly alkaline, and then treated with Chloramine - T, this 

problem was minimized, 

A number of workers have reported methods for determining the 

sucrose content of sugar solutions. Sharpiro (B) developed a method 

for making the determination when sucrose was in the presence of re

ducing sugars. The reducing power of the latter was destroyed with 

alkali and then the sucrose was inverted, yielding glucose and fructose. 

Since both of these compounds are reducing sugars, Fehlings solution 

was used to determine the amount of sucrose by Bertrand*s method. 

The gravimetric method of Munson-Walker (25) involved essen

tially the same reagents as Lane-Eynon to oxidize the reducing sugars, 

but the calculation of the amount of reducing sugar present was based 

upon the weight of dried cuprous oxide obtained from the reaction. 

Potassium permanganate has been used as a titer in determining 

the reducing sugar content of a solution (25). 'ihe cuprous oxide was 

completely diaaolved in ferric sulfate solution and then titrated with 

the standard potassium permanganate solution. The weight of reducing 

sugar present was equivalent to the weight of copper as shown in avail-



able tables. 

Several investigators turned to othtr means of analyzing sugar 

products quantitatively. Fox (l5) presented a colorimatrlc modifica

tion of the Munson-Walker method which was based on measuring oolori* 

metrically the amount of cupric ion not reduced in the reaction between 

Fehllnge solution and lactose. Other workers have provided information 

oonoeming determination of the sugar content of dairy producte by 

colorlmetrio methods (7, 11, 14, 22, 29, 32). Also, polerlmetrio and 

spoctopnotometrlc methods have been utilized for dateimining amounts 

of sugars in various solutions (2, 17, 18, 24, 36). 

Not to be overlooked is the veiy interesting field of investl* 

gatlon oonceming the use of the UnivsrsGLL Refactometer in analyzing 

dairy producta for sugar content. This method has been expounded by 

Laskowski (23) and Snlgur (iO). Finally, thlstler, ^t ai.. (35) tx-

plained a procedure which required enzymatic action to oxidize D-glu-

cose for subsequent analysis. 

Milk-Solids-Not-Fat Determination 

The method of Crowhurst (lO) for determining milk-solids-not-

fat in ice cream Involved a protein-formal titration. The test con

sisted of titrating the seaple to the phenophthalein end-point with 

sodium liydroxlda, adding formaldehyde and again titrating to the tnd-

polnt. The factor for converting the milliliters of titer used in the 

letter titration to peroentege milk-eolids-not-fat was 5.67 and was 

derived from the average percent milk protein found in sklBollk powder. 



Clarification of Ice Cream Mix 

Several reagents may be used for clarifying dairy products 

(removing the protein and fat from the serum). Nioholls (27) placed 

the ice cream sample to be tested in hot water and added clearing rea

gent (acid mercuric nitrate). This same worker explained a procedure 

in ndiioh basic lead acetate and alumina cream were used. According to 

Nicholls (27), basic lead acetate was an effective clarifier, but when 

it was used for this purpose, some sugars, especially fructose, were 

trapped with the precipitate. Although neutral lead acetate was not as 

efficient as basic lead acetate in removing color from dark solutions, 

there was less likelihood of losing sugar to the precipitate during 

clarification. Bynon and Lane (13) suggested the use of neutral lead 

acetate for precipitating protein and fat in dairy products, and re

commended that the filtrate be treated with potassium oxalate to pro

duce a crystal clear solution. 

Another method of clarification is that presented by Fox (l5). 

He employed the use of a compound called Rivanol (2-ethoxy-6,9-diamino-

acrldlne lactate). This material was found to precipitate simultane

ously the fat and all proteins except immune globulins in dairy pro

ducts. Since the immune globulin content of milk ranges from 0.05 to 

O.II3C, and since the filtrate used in the determinations of lactose 

was diluted by a factor of 10 in his procedure, the small amount of 

globulin present was not considered to be detrimental to the accuracy 

of the test. 
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Lactose Determination By A Mucic Acid Method 

When either lactose or galactose is oxidized with nitric acid, 

insoluble mucic acid is formed. This reaction was utilized by Hawk, 

et al. (19) to differentiate between these and other reducing sugars. 

Furthermore, the test was used by these workers to identify the pre

sence of lactose in urine. Interpretation of the results was made 

difficult by the presence of insoluble crystalline substances other 

than mucic acid. Mitchell (26) explained that when sugars are oxidized 

by this method, acids other than mucic acid are formed from the sugar 

and may interfere with the positive identification of mucic acid crystals. 

The above reaction has been used for determining lactose quan

titatively when more than 0.25 g of lactose hydrate is present in a 

sample, according to Berne (5). he stated that the crystallization 

of mucic acid proceeded slowly over a period of two days between 3 

fluid -4° C. However, a large proportion of the mucic acid remained in 

solution in nitric acid. To compensate for this soluble mucic acid, 

Beme recommended increasing by 15 percent the weight of crystalline 

mucic acid obtained before converting the latter to percent lactose. 

In other words, the formula he recommended was 

grams lactose in sample s 1,15(grams mucic acid 
obtained x 100/58.3). 

When lactose is in the presence of corn syrups and other sugar 

solutions, the latter may impede crystallization of the former and 

vice versa. This was pointed out "a^ Weiss (34) in his study of cooling 

curves for various sugar solutions. 



The only methods found in the literature, other than those of 

the AesQoiatlon of Official Agriculture Chemists (25), which were re

commended for use in analyzing the sugar content of ice cream were 

chromatographic methods or procedures employing the use of either a 

polarimeter, a spectrophotometer or a colorimeter. However, none of 

these procedures seemed entirely satisfactory for use in making quoiw 

titative analyses on ice cream, since ice cream usually contains a 

mixture of sugars. 



III. SCOPE OF INVESTIGATION 

The objective of this study was to develop and eveduate a slmK 

pllfled procedure for estimating quantitatively the various common sugars 

In Ice cream. 

/' 
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IV. PBOCEDUSE 

General Prooedure 

Following la a general outline of the work which was done. The 

purpose for preeentlng this outline Is to eoqualnt the reader with the 

generel scope of the investigation before introducing a detailed pro

cedure. 

1.) Five experimental ice cream mixes of known composition were 

prepared by mixing together the neceseaxy ingredients and heeting them 

in a water bath to approximately 150 F, followed by homogenisatlon with 

a laboratory hand homogenlzer. Following is a list of the typee and 

amounts of ingredients used in each mix. 

200 grams Milk powder 
250 grams Butter 
300 grams Sucrose 
1250 grams Water 
2000 grams Total 

260 grsuBS Milk powder 
200 grams Butter 
300 grams Sucrose 
1240 grams Water 
2000 grams Total 

Mix 2 

Mix 5 

200 grams Milk powder 
230 grams Butter 
200 grama Sucrose 
120 grams 36 D.S«. Com Sugar 
1230 grams weter 
2000 grams Total 

ilQ^ MSNF) 
(10^ Fat) 
(15^ Sucrose) 

(35.0$( Total Solids) 

(13^ MSNF) 
( ajtFat) 
(l5^ Sucrose) 

{3^.0^ Total Solids) 

(10^ MSNF) 
(lO^ Fet) 
{lO^ Sucrose) 
( 6 ^ 36 D.£» Corn Sugar) 

(36.0^ Total Solide) 

11 
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Mix 4 

200 grams Milk powder 
250 grams Butter 
200 grams Sucrose 
120 grams 24 D.E. Com Sugar 
1230 grams Water 
2000 grams Total 

160 grams Milk Powder 
200 grams Butter 
200 grams Sucrose 
120 grams 36 D.E.. Com Sugar 
60 grams Lactose 

1500 grams Water 
2240 grams Total 

(10^ MSNF) 
(109( Fat) 
(l(^ Sucrose) 
( 6^ 24 D.E. Com Sugar) 

(36.0$4 Total Solids) 

(7.145iMi>NF) 
(7.14^ Fat) 
(8.935̂  Sucrose) 
(5.35% 36 J>»E.. Com Sugar) 
(2.67^ Lactose) 

(31.23> Total Solids) 

The milk powder used in each of the mixes was low-heat spray dried 

powder containing 31% total solids, 0.0% fat, and 3*0% moisture. The 

butter contained 84.0% fat, 0.7% curd, and 15*3% moisture. The sucrose 

was regular granulated cane sugar obtained from a commercial source, the 

lactose used in Mix No. 5 was regular technical grade lactose, and the 

com sugars (24 D.£. and 36 D»li») were regular commercial compounds ob

tained from a local supplier. 

2.) In order to develop a suitable procediire for subsequent use 

in analyzing ice cream samples, water solutions of sucrose, glucose, lac

tose, and fructose were prepared so that each solution contained the 

equivalent of 40 mg of sugcir per 20 ml of solution. Mixtures of the 

above sugeurs were prepared in the amount of 40 mg of total sugar per 

20 ml. Each sample was preserved by the addition of 2 drops of 40% for-

maldel^de solution per 200 ml of sugar solution. The sugar mixtures 

involved are ehown in Table 1. 



A 
B 
C 
D 
8 
F 
0 
H 
I 
J 
K 
L 
M 
I 
0 
P 

50 
50 
50 

33 
50 
75 
50 
25 
25 
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TABLE I 

PERCENTAGE COMPOSITION OF SUGAR MIXTURES ANALYZED 

Sample Snoroee (%) Glucose (%) Lactose (%) Fructose (%) 
50 

50 
50 

50 50 
50 50 

50 50 
33 33 
25 25 

25 
25 25 
25 25 25 
50 25 
75 25 
33 33 33 
67 33 
2§ 25 50 

3.) The Takahashi test (3l) (the detailed methods utilized will 

be given later in the report of the procedure) for total reducing sugars 

calculated as glucose was run on all of the sugar solutions listed in 

Table 1. 

4.) Various samples were expoeed to a hydrolyeie procedxire and 

total reducing sugar content by the Tflikahashi method was determined. 

3.) The Koltboff-Kruisheer test (&) was used in combination with 

the Takahashi method on several samples to determine the fructose content 

before end after bjdrolysis. 

6.) A quantitative test for lactose was devised which weis beeed 

on the flimount of mucic e d d formed after treating the eample with nitric 

acid (19). This teet wee run repeatedly on a number of sugar semplee 

containing varioue amounts of lactose. 

7.) The total eollde, fat, milk-eolide-not-fat (MSNF) and lec-

toee contents of the ice cream samples were determined reepectively by 
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the use of the Mojonnier method (l6), Minnesota Fat Test (33), and the 

modified Crowhurst method (lO). 

8.) An analysis of the total reducing sugars present in the 

milk powder was made by i^ing the Takahashi test. 

9.) Solutions of 36 Xi»E» and 24 H^E, com su^r products were 

made to concentrations of 6.5 g/2006.5 ml and 5*0 g/2005.0 ml respec

tively, and analyzed for total reducing siigar contents before and after 

t^drolysis by the Takahashi and Kolthoff-Kruisheer methods. 

10.) The samples of ice cream were clarified (13) and the fil

trates diluted to convenient concentrations for the purposes of running 

the various tests to determine total sugar content. This involved a 

rather cumbersome number of dilution procedures and entailed consider

able effort in making calculations and interpreting the results. The 

tests utilized in this portion of the study were the above mentioned 

Takahashi, Kolthoff-i^misheer, Mucic Acid Test, and Crowhurst methods. 

Methods and Techniques 

A.) Mojonnier and Minnesota - The Mojonnier test was used for deter^ 

mining the percentage of total solids in the ice cream 

samples and the Minnesota test was employed for determining 

fat contents. 

B.) The Modified Crowhurst Test 

1.) Reagents and Equipment 

(a) 0.1 Normal Sodium Hydroxide solution 

(b) 40% Formaldehyde solution 

(c) Beckman pH meter 
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2*} Procedure 

(a) Weigh 10 grams of i c e cream mix into a 100 ml beaker. 

(b) Titrate to pH 7.0 on a pH meter with O.IN NaOH. 

( e ) Add 3 ml of 40% fozmaldei^de so lut ion and mix. 

(d) Again t i t r a t e to pH 7 .0 and record j a i l l i l i t e r s of NaOH used. 

( e ) Titrate 3 ml of 40% formaldehyde for the blank deter 

mination. 

( f ) Subtract blcuak reading from reading given i n etep (d) 

and multiply by 5.67 to get percent MSNF. 

(g) Subtract blank reading from reading given i n step (d) 

and multiply by 1*7 to get percent protein. 

(h) Multiply % MSNF by % protein to obtain % l a c t o s e . 

C.) Takahashi Test 

1.) Reagents 

(a) Standard Siigar Solution - One gram of cryatal l ine benzoic 

acid and 2.046 g of crys ta l l ine dextrose dissolved i n 

water and made up to 1 l i t e r with water. 

(b) Copper solut ion - S ix ty-s ix grams of c i y s t a l l i n e copper 

eu l fa te dissolved i n water flmd made up to one l i t e r with 

water. 

( e ) Alkaline so lut ion - Sodium l^droxide ( l lO g) and 345 g 

of rochel le s a l t dissolved and made up to 1 l i t e r with 

water. 

(o*) Equal volumes of solut ions (b) and ( c ) are mixed thoroughly 

to produce the copper reegent. 

(d) 10% lead acetate eo lut ion. 
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(e) 10% potassium oxalate solution. 

(f) Indicator - One-half gram of methylene blue dissolved in 

100 ml of water. 

2.) Equipment (See Fig. l), 

3.) Procedure 

(a) For the blank titration, place 20 ml of distilled water 

in a 250 Erlenmeyer flask containing 10 ml of the copper 

reagent, 

(b) Place the flask over the flame and add about 23.5 ml of 

the standard sugar solution as soon as possible, 

(c) After two minutes of boiling, add 4-6 drops of indicator 

eoid complete the titration by the end of one more Biinute. 

(d) For the sample titration, place 20 ml of the solution to 

be analyzed, (the solution must contain not more than 48 

mg of reducing sugar per 20 ml) into a 250 ml Erlenmeyer 

flask, 

(e) Add 10 ml of copper reagent and heat over a flame, 

(f) After one minute of boiling, add 4 drops of indicator and 

begin titrating v/ith the standard sugar solution. 

(g) The titration should be completed at the end of two 

additional minutes. (Care should be taken not to lose 

the boil during titration.) 

(h) The end-point is reached when the blue-color just begins 

to change to purple, 

(i) If only a small amount of reducing sugar is expected in 

the sample, and the titration approaches 20 ml, the blank 
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method for t i t r a t i o n should be used for more accurate 

r e s u l t s -

D.) Modified Kolthoff-Kruisheer Test 

1 . ) Reagents 

(a) 48 NaOH eolution 

(b) 4N Ĥ SO solution 

(o) 20% sodium sulfite solution 

(d) 2% sodium sulfite solution 

(e) 0.2% potato starch solution 

(f) Iodine solution — 13 g of iodine crystals and 13 g of 

potassium iodine crystals dissolved in 100 ml of water. 

(g) 10% lead acetate solution 

(h) 10% potassium oxalate so lut ion 

( i ) 25N NaOH solut ion 

( j ) Concentrated Ĥ SO - Spec i f ic Gravity 1.82-1.83 

2 . ) Procedure 

(a) Dieeolve a suitable quantity of the product to be tes ted , 

(enough to contain 1.75 to 3*3 g total dry substance) i n 

water, u t i l i z i n g a 100 ml volumetric f lask . 

(b) Neutralize the solution and complete the volume to 100 ml. 

( c ) Pipette 25 ml of th i s so lu t ion into another 100 ml f lask 

and add 23 ml of d i s t i l l e d water. 

(d) Add 5 ml of 4N MaOH and introduce immediately 16-22 ml of 

iodine solut ion, or enough to impart a d i s t i n c t l y brown 

color to the so lu t ion , 

( e ) Let stand for 5-7 minutee and add 3 ml of 4N H So 
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(f) Remove excess iodine in the following manner: add 20% 

sodium sulfite solution until a faint brown color remains; 

then carefully add 2% sodium sulfite solution until the 

liquid is only slightly colored with iodine. Introduce 

approximately 15 drops of 0.2% starch solution,, and con

tinue adding the 2% sodium sulfite slowly until the color 

is discharged. 

(g) Neutralize with 25N NaOH and complete the volume to 100 

ml. 

(h) Obtain 20 ml of the resulting mixture and proceed as in 

the Takahashi test. 

B.) Mucic Acid Test 

1 •) Reagents 

(a) Concentrated ^2^4 

(b) Concentrated HNO-

2.) Equipment 

(a) Suction pump 

(b) Gooch Crucibles 

(c) Vacuum Oven 

3.) Procedure 

(a) Weigh 100 g of ice cream mix and treat with 100 ml of 

20% neutral lead acetate. 

(b) Shake, filter through Whatman No. 40 filter paper and 

collect 100 ml of filtrate. 

(c) To the above 100 ml add 50 ml of 20̂ ^ potassium oxalate. 

(d) Shake, filter through Whatman No. 40 filter paper and 
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collect 100 ml of the filtrate. 

(e) Divide into two 50 ml aliquots and place in 150 ml 

(8 

(h 

(i 

(J 

(k 

(1 

(n 

(o 

(p 

(q 

beakers. 

Acidify to pH 3 with concentrated H^SO (40 drops). 

Boil for one minute. 

Cool to room teiq)erature. 

Add 20-25 ml concentrated HNO-. 

Place in a boiling water bath for 2-3 hours or until 

the mixture reduces to about 10 ml in volume. 

Cool to room temperature and add 10 ml of distilled water. 

Set in refrigerator for 12 houre to allow time for mucic 

acid crystallization. 

Pour into a dried, preweighed Gooch crucible (lined with 

washed asbestos) connected to a suction pump. 

Wash crystals with three 10 ml aliquots of distilled water. 

Place in a vacuum oven at 100 C for one hour with not 

less than 20 inches vacuum. 

Weigh to the fourth decimal place on an analytical balance. 

Convert the grams mucic acid obtained to percentage of 

lactose in the sample. 

Detailed Procedure for Analyzlnjg Ice Cream Samples 

1.) Bun a Mojonnier test for the percentage of total solids, a 

Minnesota test for butterfat content, and a modified Qrowhurst 

test for MSNF suid lactose, on the ice cream sample. 

2.) Weigh 15 g of ice cream sample into a 250 ml volumetric flask. 
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3.) Treat with 23 ml of 10% lead acetate and complete the volume with 

distilled water. 

4.) Shake well and obtain 100 ml of filtrate by the use of No. 40 

Whatman filter paper. 

5*) Treat the above filtrate with 10 ml 10% potassium oxalate and 

dilute to 200 ml with distilled water. 

6.) Obtain 50 ml of filtrate from No. 40 Whatman filter paper and 

dilute to 100 ml with distilled water. 

7.) Obtain 20 ml of the resulting solution and proceed as indicated 

in the procedure for the Takahashi test, 

8.) Record results as milliliters of standard sugar solution required 

to reduce the remaining copper in solution. 

9e) Weigh 15 g of ice cream sample into a beaker and add 25 ml of 10% 

lead acetate, 

10%) Add distilled water until the volume reaches 150 ml. 

11.) Shake and filter through a Whatman Ho. 40 filter paper and collect 

100 ml of filtrate. 

12.) Add 10 ml of 10% potassium oxalate. 

13.) Shake and filter through a Whatman No. 40 filter paper and collect 

75 ml of filtrate, 

14.) Using 25 ml of the resulting solution, proceed as indicated in the 

modified Kolthoff-Kruisheer test. 

15.) Record results as milliliters of standard sugaur solution required 

to reduce the copper not acted upon by the free fructose in the 

Bfluaple. 

16.) Place the remaining 50 ml of filtrate from Step 13 in a 250 ml 
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Erlenmeyer flask and make acidic with 10 drops of H^SO . 
t 4 

17.) Place over a flame and reflux for 30 minutes /A small amount of 

defoamer (DOW Coming Antifoam AF fiEiasion) may be added at this 

time for proper boilin^^ 

18.) If necesscury, after refluxl ng use distilled water to make the 

volume the same as before refluxing, 

19.) Repeat Step 14. 

20.) Record results as milliliters of standard sugar solution required 

to reduce the copper not acted upon by the free fructose in the 

sample plus the fructose produced by the hydrolysis of sucrose, 

21.) Run the outlined Mucic Acid test for lactose on the saiqple. (This 

test was deleted after a study of the results revealed it to be 

inconsistent, and the modified Crowhurst method for determining 

lactose w£i8 substituted in its place.) 

Calculations 

Formulae have been devised to simplify the calculations in

volved for the various sugar contents in the ice cream. The derivations 

for these formulae can be found in the Appendix. 

1.) To determine the percent lactose present in a sample of ice cream 

by the modified Crowhurst method, the following calculations are 

made. 

(A - B)5.67 * %MSNF 

%MSNF X 0.653 - % Lactose 

Where 

A * M i m i i t e r e of O.IN NaOH required to neutralize 
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10 g of ice cream after addition of 3 ml of 
40% formaldeii^de. (See Crowhuret method in 
General Procedure). 

B == MilliUters of O.IN NaOH required to neutra
lize 3 ml of 40% formaldehyde. 

2.) From the combined Kolthoff-Kruisheer and Takahashi tests, the 

percent free fructose in an ice cream sample can be calculated 

ae follows (See Step 15 in Detailed Procedure)! 

0»44(B - S - 0*4) a Percent free fructoee 

Where 

B â  Milliliters of standard sugar solution required 
for 20 ml water blank 

S » Milliliters of standard sugar solution required 
for 20 ml saiQ)le 

3.) The percent sucrose was determined by using the results obtained 

when the Takahashi and Kolthoff-Kruisheer tests were perfozmed on 

hydrolyzed samples. (See Step 20 in the Detailed Procedure). 

% Total fructose in sample - 0.44 ( B -̂  S ) 

% Sucrose « (% Total fructose — % free fructose) 1.9 

4.) The amounts of the remaining reducing sugars calculated as glucose 

were found tgr the use of the following formula. 

% reducing sugar as glucose « 0.667 /A -(B/0.84) - ^ 

Where 

A x ( B - S) reading for total reducing sugars (step 
8 of Detailed Procedure). 

B ŝ  Grams lactose per 100 g of ice cream (Step 1 of 
CalciAlatione). 
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( B - S) reading for free fructoee (Step 15 of 
Detailed Procedure). 



V. RESULTS AND DISCUSSION 

Descriptions of the various sugar solutions tested by the 

Takahashi method are shown in Column 2 of Table 2. It can be noted that 

the siigar 8aî )les are divided into two groups: those containing combi

nations of glucose, fructose, sucrose, and lactose, and those containing 

vazying amounts of 24 D.E. and 36 !)•&• Com Sugar. 

The first group of samples were prepared so that each solution 

contained 40 mg toted sugar per 20 ml of solution (Column 3). In those 

samples containing only one sugar (NOS. 1-4), the water blank titration 

was 26.0 ml of standard sugar solution per 20 ml of water blank (Column 

Ho. 5). The number of milliliters of standard sugar solution required 

in the Takahashi test to reduce the copper remaining, after the sugar in 

the eample had reacted completely, is shown in Colvmrn 6 of Table 2. 

The results obtained by treating the data in Columns 5 and 6 

according to the following formula are shown in Column 7. 

(B - S)2 3 Milligrams of total reducing sugar per 
20 ml of solution 

Where 

B = Titration on water blank in m i l l i l i t e r s 
S B Titration on sample in mi l l i l i t ers 

The figures shown in this column represent the reducing j)ower of the 

various sugar solutions in terms of milligrams of glucose per 20 ml. 

A comparison of Columns 3 and 7 for Sample Nos. 1-4 reveals that 

the Takahaehi tes t i s satlefactory as a test for reducing eugare. For 

example, the results showed Sample No. 1 had an average of 41.6 mg of 

glucose per 20 ml. The lactose solution (Sample No. 2) showed an average 

of 31»8 mg of lactose per 20 ml of solution. When comparing this figure 

25 
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to the 40 mg in OOIUIA 3» it can be seen that the Takahashi test indicated 

only 79.4/^ of the lactose actually present. Thereforei a correction 

factor) f a 1.26, was devised according to the recommendation of Takahashi 

(31) to compensate for this error In lactose determinations. The figures 

in parenthesis in Column 7 represent the experimental sugar content ob> 

tained after correction for lactose. The results given for Sample No. 3 

show that on the average the milligrams of glucose equivalent per 20 ml 

shown in Column 7 represents 99.3^ of the actual fructose present in the 

sample. This was considered to be sufficiently accurate for predicting 

the amount of fructose in the sample. The results obtained upon running 

the Takahashi test on the sucrose sample (No. 4) showed the sucrose to 

exhibit approximately 0.35 mg of glucose equivalent per 20 ml. Since 

sucrose Is a non-reducing sugar, this value should have been zero. How

ever, this small amount of reducing power was considered to be negligi

ble. 

An analysis of the results obtained for Sample Nos. 5-7 showed 

that the sucrose in a mixture of sugars had no effect on the accuracy 

of the Takahashi test in predicting the amount of reducing sugar present 

in the sample. The milligrams of glucose and fructose indicated by the 

test corresponded closely to the total amount of reducing sugar present 

in the sample (Column 4). The milligrams of lactose present (Sample No. 

6) as indicated by the test was less than the actual amount of lactose 

in the eample as is evidenced by a comparison of 15.7 mg of lactose 

found to the 20 mg of lactose actually present, however, ¥vhen this 

figure was multiplied by 1.26, the correction factor calculated above, 

the amount of lactose found experimentally amounted to 19*78 mg/20 ml. 



30 

This figure represented 98.9^ of the actual lac tose present and was con

sidered to be s u f f i c i e n t l y accurate for purposes of analysis . Sample 

Nos. 8 and 9 contained glucose i n both cases, and lactose and fructose 

respect ive ly . The to ta l amount of reducing sugar as glucose for Sample 

No. 8 amounted to 35.4 mg/20 ml as compared to 40 mg of tota l reducing 

sugar per 20 ml. Again, when the data were treated so as to compensate 

for the discrepancy i n lactose determinations th i s figure became 39.4 

mg/20 ml. This l a t t e r value was found in the following manneri 

(26 .0 — 8.3) s 17.7 » The m i l l i l i t e r s of standard sugar solution 
equivalent to the tota l reducing power of 
the sugar so lut ion 

10 ml » The m i l l i l i t e r s of standard sugar solution 
equivalent to the reducing power of 20 mg 
of glucose (see Sample Mo. l ) 

Therefore 

17.7 - 10.0 • 7.7 « The m i l l i l i t e r s of standard sugar solution 
equivalent to the reducing power of the 
lactose 

Then 

2(10) • 2(7.7)1.26 « 39.40 mg total reducing sugar per 20 ml of 

solution 

The average total amount of reducing sugar as glucose for Sample No. 9 

was 40.4 mg/20 ml as compared to 40 mg of total reducing sugar per 20 ml 

of solution. 

The experimental amount of total reducing sugar obtained from 

Sample No. 10, which contained lactose and fructose, was only 36.3 mg/ 

20 ml instead of 40 mg/20 ml. But when the correction factor for lactose 

was applied, a figure of 40.5 mg/20 ml was obtained. Sample Nos. 11 and 

12 contained combinations of glucose, sucrose, and lactose. It was 
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aeeumed that the lower results for both of these samples were due to the 

presence of lactose. However, when the experimental figures were cor

rected for lactose, the results were high in the case of Sample No. 11 

and satisfactory for No. 12. 

Sample No. 13 was a modification of Sample No, 6 in that the same 

sugars were used (lactose and sucrose), but in different proportions. 

Sample No. 14 was the same as No. 12 except that fructose was substi

tuted for lactose. When all four sugars were used in the sample (Sample 

No. 15) in equal amounts, satisfactory results were obtained. Sample No, 

16 was essentially the same as Sample No, 12 except that the amounts of 

sucrose auid glucose were changed. Again, it can be noted that the lower 

reading for the experimentally obtained results (28.9 mg of total re

ducing sugar per 20 ml as compared to 30 mg of total reducing sugar ac

tually present per 20 ml) was due to the lactose present. 

Sample No, 17 compared favorably with Sample No, 9 in that the 

same sugars were used (glucose and fructoee) but in different concen

trations. These results indicated, as did all other cases where glucose 

and/or fructose were present, that these sugars caused the figures in 

Column 7 to be slightly high. Sample HOB, 18, 19, and 20 served as 

checks on previous determinations. 

For the remaining samples in this group (Nos. 21-29), various 

other methods and techniques were applied in combination with the 

Takahashi test. By comparing the experimental results obtained in 

Colvimn 7 for Sample Nos, 21 and 4, the effect of hydrolyzing sucrose 

can be seen, ^n effect, sucrose broke into two reducing sugars and a 

reading was obtained by the Takahashi test. In the hydrolyzed Sample 

(No. 21), sucrose produced equal parts of glucose and fructose in the 
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amount of 44.4 mg/20 ml glucose equivalent. This compared favorably to 

Senile No. 9 which contained equal parts of glucose and fructose in the 

amount of 40*4 mg/20 ml. The results were slightly high for Sample No. 

21 because in the hydrolysis of sucrose, a molecule of water is added. 

A correction factor was later devised to compensate for this (See 

Appendix). The hydrolysis procedure had essentially no effect upon the 

eolution of lactose (Sample No. 21). This fact is pointed out by ob

serving that Sample No. 22 had almost the identical reading as did Sample 

No. 2 (31.4 as compared to 31*8) which was not placed under a hydrolysis 

procedure. 

The results shown in Column 7 for Sample No. 23 reveals that the 

Kolthoff-Kruisheer test used in combination with the Takahashi method 

offered an entirely satisfactory means of securing data for fructose 

analysis, because the Kolthoff-Kruisheer procedure did not destroy the 

reducing power of the fructose. From Column 4 for Sample No. 24, there 

was actually no reducing sugar present. After hydrolysis, however, 

there should have been 40 mg of total reducing sugar per 20 ml of solu

tion (first set of p€Lrenthesis), Then after treating the sample by the 

Kolthoff-Kruisheer method, all the glucose made available by hydrolysis 

(20 mg), should have been destroyed, leaving only 20 mg of total re

ducing sugar per 20 ml of solution (second set of parenthesis). Actually, 

(Column 7) 24,4 mg of reducing sugar was indicated by the test. Again, 

this extra amount of reducing sugar was attributed to the extra weight 

of the water of hydration, 

ifhen the results for Scuaple Nos. 25 and 26 were studied (both 

of which contained equal parts of fructose and sucrose), the effect of 
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the Kolthoff-Kruisheer procedure was further exemplified. The former 

was hydrolyssd and treated according to the Kolthoff-Kruisheer pro

cedure, whereas, the latter was only hydrolyzed. Sample No, 26 shows 

(column 7) that since the glucose produced by hydrolysis was not 

destroyed by the Kolthoff-Kruisheer test, the results indicated 40 mg 

of total reducing sugar per 20 ml of solution, whereas in Sample No. 

25» the 10 mg of glucose obtained from the hydrolysis of sucrose was 

made unavailable to react in the TakcLhashi test. Therefore, a total 

of only 30 mg of reducing sugar per 20 ml of solution was present in 

this sample. 

Sample No. 27 shows the effect of the Kolthoff-Kruisheer test 

upon equal parts of two reducing sugars (fructose and lactose). The 

results in Column 7 show that the lactose was destroyed, leaving only 

the fructose (l7.8 mg) available to react in the Takahashi method. 

The second group of sugar solutions presented in Table 2 con

tained various amounts of 24 !>•£. and 36 D.£. corn sugar solids. 

According to the manufacturers of the sugars, the 24 D.£. sugar con

tained 96.5/i total solids and had a Dextrose Equivalent of 28. Their 

analysis showed that the 36 "D*^* sugar contained 80^ total solids, 

28.8?S total reducing siigars as dextrose, and had a Dextrose iJquivalent 

of 36. The 24 D.B. sugar solution was prepared by dissolving 5 g of 

the sugar in 2000 ml of water. This is equivalent to 14 mg of reducing 

sugar considered as dextrose per 20 ml. As can be seen from Sample 

No. 28 in Table 2, the Takahashi test indicated a reducing sugar con

tent of 16.4 mg/20 ml of solution. Sample No. 29 was the same as 

Sample No. 28 except that the former was hydrolyzed by the standard 
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procedure used in this work. The Takahashi teet showed that the hydro

lyzed eample contained 25.2 mg of reducing sugar per 20 ml of solution, 

as opposed to 16.4 mg/20 ml in the unhydrolyzed sample. When the 

Kolthoff-Kruisheer test was used to destroy all reducing sugars except 

fructose in the unhydrolyzed solution (Sample Mo. 30), there was no 

evidence of any free fructose. However, when the hydrolyzed sample 

was treated according to the Kolthoff-Kruisheer method (Sample Mo. 3l)f 

1.2 mg/20 ml of fructose was shown by the Takahashi test. This indi

cates that the com sugar contained a small amount of sucrose. 

When the 36 D.£. com sugar was euialyzed, the Takahashi test 

showed the unhydrolyzed sample (Sample No. 32) to contain 22.0 mg of 

total reducing sugar as glucose per 20 ml of solution. According to 

the analysis of the manufacturer, the sugar actually contained 18.7 mg 

of dextrose per 20 ml of solution. When this sample was hydrolyzed 

(Sample No. 33) the total reducing sugar content increased to 30.7 mg/ 

20 ml. An analysis of Sample No. 34 indicated that the 36 D.£. com 

sugar contained a small eunount of free fructose. However, a smaller 

amount of free fructose was shown in the hydrolyzed sample (No. 35) 

than in the unhydrolyzed one. At any rate, one could assume from the 

data that the 36 D.E. com sugar contained a small amount of sucrose 

and/or other fructose bearing sugars. 

Table 3 shows the results of investigations carried out on the 

oxidation of lactose with nitric acid to produce mucic acid. It was 

assumed that in this manner the percent lactose originally present 

could be determined by calculations from the grams of mucic acid ob

tained. The formula used was as follows s 
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/""( X ) 1.15.7 X 100/58.3 =» Grams lactose 

Where 

X » Orame mucic acid obtained 
1.15 » ?actor derived by Berne (5) to compensate for the 

uncrystalllzed mucic acid 
100/58.3 * Factor for converting grams of mucic acid to grams 

of lactose ^ 

A comparison of Columns 4 and 6 of Table 3> shows that this 

method was not a satisfactory one for determining the percent lactose 

in a sugar solution. Therefore, the method was discarded in favor of 

the Crowhurst method in which lactose was calculated from the percent 

MSN? present in a dairy product (lo). 

The experimental results in Table 4 include the percentages of 

total solids, milk fat, milk-solids-not-fat, and lactose. Duplicate 

trials were run on each mix. Column 2 describes each particular mix 

and Columns 3 and 4 show the percentages of total solids and butterfat 

respectively. Column 5 indicates the number of milliliters of O.IN 

NaOH required to neutralize 3 ml of 40>î  formaldehyde in the modified 

Crowhiirst test, while Column 6 shows the number of milliliters of 

O.IN NaOH required to neutralize a 10 g sample of ice cream mix eifter 

the addition of 3 ml of 40^ formaldehyde. (The sample was first 

brought to the neutral point with O.IN NaOH before the addition of 

3 ml of 40^ formaldehyde.) 

For the calculation of the percent MSNP from the above results, 

the following formula was usedt 

(Column 6 - Column 5) X 5.67 » ?iMSNP 

Where 
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5.67 a A factor for converting the titration value to 
percent M^Nf (lo) 

The reeulte of these calculations are skwwn in Column 8 of Table 4 and 

in almost every case, they are slightly higher than the actual percent 

MSNy present in the sample (Column 7). The percent lactose (Column 9) 

was estimated by the following formula: 

Where 

ÛtfSNF X 0.653 » Setose 

^ N P > That obtained from the modified Crowhuret method 

0.653 « A factor for converting ^ I P to Setose 

The factor, 0.653, was developed hy running a Takahashi test on 

several samples of milk powder to determine the actual amount of lactose 

present in the powder. It was found that in general, the lactose 

aaioiuited to 65*3/̂  of the total solids of the powder. ?urther tests 

were run on ice cream samples to verify the accuracy of this figure 

(See Appendix for a complete analysis of the derivation). i(y comparing 

the lactose contents of all mixes containing lOji MSNF (Mix Nos. 1, 3, 

and 4) with the straight milk powder solution (Mix No. 6), it was found 

that other materials in these mixes did not affect the percent MSNP 

obtained by this method, in that the mixes ranged from 6.47 to 6.83^ 

lactoee as compared to 6.53^ lactose in the powder solution. 

From Column 2 of Table 4, Mix No. 5 contained 2.67^ lactose in 

addition to that present in the powder. Since, in the Crowhurst met}x>d 

of calciilation, all of the lactose present in a mix is assumed to be 

from the KSNF, this added lactose cannot be determined by the Crowhuret 
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method* This is the reason the Mucic Acid Test was proposed to predict 

the percent lactose, because in that way, all of the lactose could be 

calculated, regardless of the source. Actually, Mix No. 5 contained 

7.33>̂  lactose (7.14^ MSNF X 0.653) or 4.66^ lactose from the MSNF plue 

2.67^ added lactose. However, from Column 9 only 4.81^ lactose was 

indicated experimentally because, there was no protein associated with 

the added lactose as is true in regular milk powder. Added lactose 

other than that in the powder does however, affect the total reducing 

sugar content as indicated by the Takahashi test. 

Table No, 5 gives the Takahashi titration values for the various 

mixes before hydrolysis of the sample, and after treatment by the 

Kolthoff-Kruisheer method. Column 4 of this table gives the number of 

milliliters of titer required to reduce the eamples before hydrolysis 

and the data in Coluiui 6 represent the titration values after the un

hydrolyzed samples were treated to inactivate all reducing sugars except 

fructose. A compcurison of Columns 5 and 6 reveeds that the test indi

cated only a small amount of free fructose in every case, when in reality, 

there was none. This is an inherent error in the Takahashi test. Also, 

it should be noted that the values in Column 6 were obtained by the water 

blank method of the Takahashi test. Thle method is more accurate when 

there is little or no reducing sugar in the solution. 

The data in Column 8 show that the hydrolysis procedure used 

hydrolyzed the sucrose into equal parts of glucose and fructose. These 

values indicate the free fructose present plus the fructose produced 

from the hydrolysis of sucrose, because all other reducing sugars were 

destroyed by the Kolthoff-Kruisheer procedure. After the free fructose 
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i s subtracted from the t o t a l amount of fructose , the percent sucrose can 

be ca lcu lated . The r e s u l t s of such calculat ions are shown in Table 6, 

Column 7. 

The B - S values i n Columns 2,3* and 5 of Table 6 represent the 

reducing power of the mixes in terms of m i l l i l i t e r s of Takahashi t i t e r , 

nieee valuee were obt€d.ned by subtracting the sample t i t r a t i o n s from the 

water blank t i t r a t i o n s i n Table 5* The sugar composition on a percentage 

basis was then calculated from the above data and i s shown i n Table 6. 

The percent free fructose (Column 4) was obtained by the following for 

mula (See Appendix for derivat ions): 

0 . 4 4 ( B - S - 0.4) » ^ e e fructose 

The percent fructose in the hydrolyzed sample (Column 6) was calculated 

OO44(B - S ) » j£Fmctose 

Rien, the percent sucrose (Column 7) was found by applying the following 

formula: 

1.9(Column 6 - Column 4) » Sucrose 

To check for the other svigars (Column 6) 

0 . 6 6 7 ( A - B/0.84 - C) » Percent glucose equivalent 
due to sugars other than 
l a c t o s e , sucrose, and fruc
t o s e . 

Where 

A s The data in Column 2 

B a Grama of lactose/100 g of ice cream 

C a The data in Column 3 minus 0.4 
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The percent corn sugar and/or whey solias represented by Column 9 equals: 

{% Total solids - ;fc Fat - '> MSNF - )^ Sucrose) 

Again the inherent error of the Takahashi test can be observed 

by noting that in every instance the data show that free fnictose was 

present in the samples (Column 4). This figure should be zero for each 

mix. However, this amount was not appreciable and did not seem to cause 

any error in the calculation of the percent sucrose. The percentages of 

sucrose shown for Mix Nos, 3 end 4 were too high if one considers the 

only source of sucrose to be that which was added as such. However, as 

was shown earlier, there was actually some sucrose equivalent present in 

the corn sugar. 

Concerning the percentage of the reducing sugars from sources 

other than sucrose, lactose, and fructose, calculated as glucose (Column 

8 of Table 6), a slight error is a^ain noted in the Takahashi test in 

that negative numbers were obtained for Mix Nos, 1 and 2 when there was 

actually no other sugar present. Column 9 of this table shows that the 

calculated percentages of corn sugar and/or whey solids were in close 

agreement with those amounts actually present in the mixes, in that Mix 

No. 3 was prepared to contain 4,8̂ ^ corn sugar and the amount found by 

the experimental procedure was 4.46^. Also, the actual amounts of added 

com sugar and/or lactose in Mix Mos, 4 and 5 were 6.051̂  and 6,95!̂  res

pectively as compared to experimentally obtained amounts of 6,12^ and 

7.065̂ . 

In an effort to develop a method for predicting whether or not 

a mix contained either corn sugar or whey solids alone, or whether the 

mix contained a mixture of the two, the following observations were 
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made. First, the relationship between the glucose equivalent of the 

24 D«B. eugar and the total amount of 24 B.N. sugar in a sample was 

16.4/50 > 32.8^ (Saî }le No. 28 of Table 2). Likewise, from Sample No. 

32, Table 2, it was found that 42.3>̂  of the total weight of the 36 !)•£.. 

eiigar was reducing sugar (considered as glucose). Then a study of 

Table 6, Columns 6 and 9 was made to see if these percentages applied 

to the crorn sugar actually added to an ice cream eample. The data for 

Mix No. 4 showed that mix to contain 6.12^ 24 B.N. com sugar and 2.14^ 

glucose equivalent associated with that com sugar. Thus, the glucose 

equivalent of the com eugar represented 35^ of the total weight of the 

com siogar as (K)mpared to the figure of 32.8^ presented above. 

Similar data for Mix No. 3 showed that the glucose equivalent 

of the 36 B.S. com sugar amounted to 33* 4> of the total weight of the 

com su^r in that mix. This percentage was lower than the correspon

ding 42.3^ above. This discrepancy was considered to be normal becauae, 

as was shown earlier, a portion of the 36 B.S. corn sugar actvially remote 

as if it were sucrose, thereby making the amount of sucrose too high 

and therefore, the smount of 36 B.£. correspondingly lower in this mix. 

To further explore this reasoning. Mix No. 5 was studied. & e 

data Indicate that the mix contained 7.06^ by weight of a mixture of 

36 B.S. com sugar and lactose, and a correeponding glucose equivalent 

of 3.8^. Of coxirse, this mix contained 2.67^ added lactose, which 

would mean that the amount of corn sugar present was 7.06 - 2.67 or 

4.39^ Keeping in mind that a portion of the glucose equivelent de

tected was related to the lactose, the percent glucose equivalent 

caused by the com sugar alone (x), was 
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X * 0.667 fk - B • 2.67/0.84 - C_7 

X « 0.667 / ~ H . 6 - 4.76+2.67/0.84 - (0.7 - 0.4)_7 

X » 1.64^ Glucose Squivalent caused by the coz^ 
sugar alone 

(This formula was described earlier in the thesis and is derived in the 

Appendix). Consequently, 1.64^/4*39^ = 37.4^ of the total weight of the 

com sugar was glucxsse equivalent. Again, this figure was lower than the 

42.3^ oalciilated above for a pure solution of 36 B.S. com sugar. 

The percentages of the total sugars contributed by glucose 

equivalents for the 24 B.£« and 36 B.N. sugeurs were averaged, and a 

figure of 37.55^ was obtained (32.8 • 42.3/2). Thie figure compared 

favorably with the percentages obtained in the ice cream samples. 

To express the value of this fact, one should again consider 

Mix No. 5. The total glucose equivalent associated with the mixture of 

com sugar and added lactose was 3*8^ as opposed to 7.06/1̂  total sugar 

mixture (Columns 8 and 9 of Table 2). In other words, the percentage of 

the total weight of the com sugar-lactose mixture contributed by glu

cose eqiiivalent was ^3% (3-88/7.06). This figure is considerably higher 

than anj of the figures for the other mixes containing com sugar with

out added lactose, which means that if one makes a comparison, on any 

given mix, of the percent glucose equivalent and percent com sugar 

and/or whey eolids, and if, this figure is considerably higher than 

37.5^, the mix contains either a mixture of com sugar and whey solids 

or whey eollde without any corn sugar. This is shown more concluelvely 

by the following illustration. 

The percentage of lactose in whey solids ranges from about 70.0^ 

to 100^ (This latter figure being pure lactose instead of whey solids, 
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per ax)» Aseimdng that a given mix contained 6.0$̂  whey solids which had 

70.0^ lactose content, the mix would have 4*2^ lactose other than that 

from the MSNF portion of the mix. This amount of lactose is eqijdvalent 

to 3.335̂  glucose /"'(4.2/0.84)0.667_7 which is equal to 55.55̂  of the total 

weight of the whey solids (3.33/6.0). This figure is far in excess of 

the 37.5/^ figure calculated for a mix containing pure corn sugar. Any 

percentage between these two figures would indicate a mixture of com 

sugar and whey solids contEiining 70^ lactose. If one wished to estimate 

the relative amounts of whey solide and com sugar in a mix, it could be 

done by exercising the following reasoning. 

Suppose the analysis of a given mix showed the mix to contain 

10^ fat, 11^ MSNF, 12% sucrose, 6% com sugar and/or whey solids, and 

3% glucose equivalent associated with the com sugar and/or i^ey solidso 

If one assumed, first, that the mix contained com sugar but no whey 

solids, then the percent glucose equiveLLent should be approximately 2.255i» 

(37.5% X 6.0%). Secondly, if one assumed the mix contained whey solids 

but no corn sugar, then the glucose equivalent should be approximately 

3.33%Z~(6.0 X 0.7/0.84)0.667_7. Then if one wished to estimate the 

reletive amounts of these two sugars, the following procedure should be 

used. 

3.331 10.75 

2.25 

0.75/1.08 X 100 « 69.4% of the total weight of the corn 
sugar-whey solids mixture is whey eolids. 

and. 
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0.33/1 .08 X 100 « 30.6% of the t o t a l weight of the com 
siigar-whey s o l i d s mixture i s corn 
sugar 

I t was desired to check t h i s reasoning against an experimental 

mix. Mix No. 5 had a glucose equivalent of 3*88^ (associated with the 

c o m sugax^lactoee mixture) and a com sugar-lactose mixture of 7.06%. 

I f i t were assumed that the sugar contributing the 7.06% by weight to 

the mix were a l l corn sugar, then the glucose equivalent should have 

been 2.65% (7 .06 x 0.375); i f the 7.06% sugar were contributed by lactoee 

only , then the glucose equivalent shoxild have been 5.61% (calculated i n 

the following manner) (7 .06 /0 .84)0 .667 . Therefore, the re lat ive amoimts 

of lac tose and c o m sugar should have been as fol lows 

5.61 , , 1.23 

2.65 

1 .23/2 .96 X 100 = 41.5% of the tota l weight of the com sugar-
whey eo l ids mixture i s whey so l ids or 
l a c t o s e 

and 

1 .73 /2 .96 X 100 = 58.5% of the to ta l weight of the c o m 
sugar-whey so l ids mixture i s corn sugar 

Actually, the mix was made to contain 37.8% (2 .67/7 .06) l ac tose 

and 62.2% (4 .39 /7 .06 ) com sugar. Therefore, the procedure for estima

t ing the re la t ive amounts of these materials i s considered s a t i s f a c t o r y . 

In actual pract ice , one might encounter either pure lactoee or whey s o l i d s 

being used. Therefore, i t would oe necessary to estimate the amount of 

l a c t o s e bearing material as i f i t were pure lactose on the one hand, and 
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whey eolids on the other. 



YI. G£N£NAL BISCUSSION AND CONCLUSIONS 

The procedure developed in this study for enalyzing ice cream 

for the varioue commonly encountered eugare proved to be entirely satis

factory so far as sucrose was concerned, but more precise methods than 

the ones outlined for determining the lactose and corn sugar contents 

would have been helpful. If the efforts to analyze for lactose by the 

Mucic A d d method had resulted in a satisfactory procedure, lactose 

could have been determined quantitatively and then, the percentage of 

corn sugar could have been calculated by difference, however, since 

the Mucic Acid method was not satisfactory, and since no other method 

could be found which would determine lactose in the presence of other 

sugars, it was necessary to resort to the more nebulous Crowhurst procedure. 

When using the Crowhurst procedure, it is assumed that the 

lactose is in a definite proportion with the protein of the milk-solids-

not-fat, and it is therefore determined indirectly. Furthermore, any 

lactose that is added to the mix in a form other than milk-solids-not-

fat is not accounted for by the Crowhurst procedure since the Crowhurst 

procedure measures only protein. Consequently, when the percentages of 

fat, milk-solids-not-fat, and sucrose are subtracted from the percentage 

of total solids, the difference could represent corn sugar, whey solids, 

lactose or a mixture of the three. 

A relationship existed between the percentage of glucose equiva^ 

lent as determined by the Takahashi method, and the percentage of corn 

sugar and/or whey solide. This relationship could be interpreted in 

such a way as to predict the relative amounts of these materials, if it 

were assumed that the portion of the total solids remaining after sub-

TEXAS TECHNOLOaiCAL COLLEGE 
*̂  LUBBOCK. TZ^'J^^ 
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tractlng the fat, mllk-solids-not-fat, and sucrose, was corn sugar 

solids and/or whey eolids material. It is realized that any method 

for determining a substance by difference is presumptive, and hence 

some technique should be devised to more adequately Identify the re

maining materials in the total solids as being from one or both of 

these sources. The fact that these substances reduced copper in the 

Takahashi teet, identifies them rather adequately as reducing sugars, 

but this phenomenon did not satisfy completely the question as to the 

source of these reducing sugars. The relationship between the glucose 

equivalent and the total weight of these substances at least partially 

answered this question. 

In general, then, it can be concluded that, based on the results 

of this study, the procedure described herein is a practical method for 

determining the sugar contents of ice cream, provided that the limita

tions of the method are considered when interpreting the results. 



VII. SUMi£ABY 

To date, there is no eimple, inexpeneive, method that can be 

utilized in an ordinary laboratory for determixiing the percentagee of 

the eeveral augaura present in ice cream. This does not present a pro

blem when sucrose and milk-eolids-not-fat are the only sources of 

sugar in the ice cream, but when corn syrup solids and/or whey solids 

are added, the procedure is made more difficult, 

A combination of titrametrio, lodimetric, and hydrolytic methode 

were propoeed for analysing the sugar contents of ice cream. It was 

found that reducing sugars cx)uld be detected by the Takahashi method. 

In this method a known amount of a modified Fehlings solution (Copper 

reagent) is mixed with the unknown sugar solution, and heated. The 

unreacted csopper is then back-titrated with a standard dextrose solution. 

The Kolthoff-Kruisheer method was used to isolate fructose from 

other sugars, and the content of fructose was found by the Takahashi 

method. The former procedure involved treating the unknown sugar solu

tion with hypoiodite, which destroys all reducing sugars except ketoses 

(fructose is the only ketose considered in the usual practice of sugar 

analysis). Also, since eucrose could be easily hydrolyzed to equal 

parts of glucose and fructose, the ^>olthoff-Kruisheer test was performed 

on a duplicate sample after lydrolysis, the total amount of fructose 

was then determined by the Takahashi test, and the percent sucrose was 

calculated. 

A phenol-titration method (Modified Crowhurst) was used to de

termine the percentage of mllk-solids-not-fat and the percentage of 

lactose. The modified Crowhurst procedure coneieted of neutralising 

51 
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a sample of ice cream (with the aid of a Beckman pH meter) by adding 

O.IN sodium hydroxide and then utilizing the blocking action of 40% 

formaldehyde upon the milk protein. By again neutralizing the sample 

to pH 7.0, the percent mllk-solids-not-fat was determined, from which 

the percent lactose was calculated. 

The percentage of total solids and butterfat were determined 

by accepted methods (Mojonnier and Minnesota tests respectively.) By 

subtracting the percentage of fat, mllk-solids-not-fat, and sucrose 

from the percentage of total solids, the amount of corn sugar and/or 

whey solids was determined. 

A relationship was shown to exist between the glucose equivalent 

of the com sugar, and the total weight of these sugars actually present 

in an ice cream sample. It was determined that when the sugar (other 

than sucrose and lactose from the MSMF) was lactose, the glucose equiva

lent from that lactose was approximately 80.0% of the total weight of 

the lactose. When the additional sugar was com sugar, the glucose 

equivalent was approximately 38.0% of the total weight of that sugar. 

A method was offered for use in calculating the relative amounts of 

lactose and corn sugar when a mixture of the two was present. The 

realization was expressed that the method presented for detenaining the 

total sugar content of ice cream would be more accurate if a direct 

procedure for determining the percentage of lactose could have been 

devised. 
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APPENDIX 

The Appendix contains information which explains in detail the 

derivations of formulae used in calculating the sugar contents of the 

experimental eamples. 

Crowhurst Procedure 

Thie procedure was used to estimate the percentage of lactose 

present in the samples, contributed by the MSliF portion. A lactose 

solution was made to contain 40 mg lactose per 20 ml solution, and a 

Takahashi test was performed on the sample. The blank titration was 

26.0 ml of Takahashi titer, ana the sample titration was 10,1 ml, 

Mg Glu, Equiv, from lactose « 2(26,0 - 10,1) « 
31.8 mg/20 ml of solution 

To correct this to 40 mg/20 ml, a factor of 1.26 was derived (40/31.8). 

Therefore, 

Mg lactose/20 ml = 2 X 1.26(B - S) 

Where 

B m Blank titration 

S s Sample t itration 

To check this , 10 g of powder were dissolved in enough water to 

make a 10^ by weight solution. The Crowhurst t i tration showed 9.83?i MSNF 

and 2.945^ protein. The ash content was 0.75 .̂ Therefore, the percentage 

of lactose was 6.195^ (9.83 - 2.94 - 0 .7) , which was 63.0^ of the powder 

(6 .19/9 .83) . 

This sample of reconstituted skimmilk was handled in the following 
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manner to obtain 20 ml of solution suitable for analysis by the Takahashi 

procedure, (The Takahashi procedure requiree that the sample analyzed 

must contain not more than 48.0 mg reducing sugar per 20 ml.) Fifteen 

grams of powder solution containing 9.83^ MSNF were diluted to 250 ml 

and 100 ml of the resulting mixture was obtained (See page 20, steps 2 

thru 8 of Detailed Procedure). Then this 100 ml was diluted to 200 ml 

and a 50 ml aliquot was taken and again diluted to 100 ml. Twenty milli

liters of the resulting dilution were analyzed by the Takahashi procedure 

and the reeults showed 19.28 mg of glucose equivalent per 20 ml. Accor

ding to the formula from above, 

Mg Glu. fiquiv. (Due to lacto8e)/20 ml ^ 2.52 (B - S) 

The milligrams of lactose (19*28) per 20 ml of diluted eample is 

equal to 6.33 g of lactose per 100 g of original solution. Since the 

original solution contained 9.83 g of MSNF per 100 g, the lactose rep

resented 65.3?̂  of the powder. This agrees with the 63.0̂ )̂  figure above. 

Fifteen grams of this solution would contain 0.964 g of lactose. 

When the Takahashi test was run on the sample of milk powder 

eolution above, the blank titration required 26.1 ml of standard sugar 

eolution, and the eample titration required 18.45 ml. To convert these 

readings to grams lactose per 15 g of sample (l5 g of ice cream mix were 

analysed in all caaes to obtain the glucose equivalent daused by all 

reducing sugars) 

(26.1 - 18.45)1 = 0.964 

Where 

X > 0.126 
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Therefore, 

and 

or 

g lact08o/l5 g sample « 0,126(B - S) 

g lactose/lOO g sample » 0,126(B - S)6,67 

g lactose in 100 g sample » 0.84(B - S) 

Where 

B = Blank titration 

S s That amount of titer required to reduce the 
excess copper in the Takahashi test not re
duced by the lactose 

To check this foimula a mix was made which contained 11.5^ fat, 

lO.Oji MSNF, 15.05^ sucrose, and 63.5/fe water. Fifteen grams of this mix 

were diluted according to the procedure ciiven above (See page 20 of 

Detailed Procedure), and a Takahaehi test run. The blank and sample 

titrations were 26.2 and 18.3 ml respectively. Since sucrose has no 

reducing power, the percentage lactoee in the ice cream was 6.64> cal

culated as follows 

(26.2 - 18,3)0.84 = 6.645fc 

A Crowhurst test was run on the sample and the percentage MSNF was shown 

to be 10.275^ MSNF. Therefore, 

10,27^ X 0.653 = 6.68> lactose 

by the Crowhurst procedure. This compares favorably with the 6.64^ 

figure given above. Consequently, the Crowhuret procedure was adopted 

as the method for calculating the percentage of lactose in a sample, con

tributed by the MaMF. 
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% Lactose = lo MSNF x 0.653 

(See Page 22 under Calculations), 

Sucrose Calculations 

The percentage of sucrose in the ice cream samples was determined 

by utilizing the Kolthoff-Kruisheer test on both an unhydrolyzed and a 

hydrolyzed sample of ice cream. The procedure for this was as follows: 

15 g of ice cream were diluted to 150 ml (See Page 21 of Detailed Proce

dure, Steps 9 thru 15); a 100 ml aliquot was diluted to 110 ml; 25 ml of 

this dilution was treated according to the Kolthoff-Kruisheer procedure 

to deetroy all reducing sugars except fructose, and the resulting mixture 

was made to 100 ml with water. Twenty milliliters of this material was 

titrated according to the Takahashi procedure and the results reported 

as milligrams glucose equivalent caused by fructose per 20 ml. 

If one considers all the above dilutions, it is found that the 

20 ml of solution used in the Takahashi test contains 3.032>» of the ori

ginal fructose in the 15 g of ice cream. Therefore, to convert the 

Takahaehi formula/"Milligrams glucose equivalent/20 ml « 2(B - S)_y to 

grams free fructose per 15 g ice cream, one would need to multiply the 

2(B - S) by 0.03298. This figure was found by the following reasoning. 

If 

2(B - S) » Mg of fructo8e/20 ml of Takahashi sample 

Then 

2(B - S)/0,03032 = Mg fructose/15 g ice cream sample 

or 

2(B - S)/0.03032 « 2(B - S)32.98 
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Then 

2(B - S) 32.98/1000 « 0 fructoee/15 g i c e cream 

or 

2(B - 8)32.98/1000 = 0 . 0 6 6 ( B - S) = 0 fructoseA5 g i c e 

Consequently, 

cream 

jfiPree fructose in i ce cream sample = 0,066(B - S)l00/15 »= 
0,44(B - S) 

(See Step 2 i n Calculation sect ion of Procedure). 

A sample of pure sucrose (unhydrolyzed) containing 40 mg sucrose 

per 20 ml was treated by the Takahashi procedure and the ( B - s ) value 

instead of being zero (which would indicate no reducing sugar), was 0 . 4 , 

Therefore, in order to find the grama of free fructose in a 15 g sample 

of i c e cream, the above fonaula should be revised to 

Grams fructose/15 g i c e cream » 0 . 0 6 6 ( B - S - 0 .4 ) , 

To find the percentage of sucrose i n an i c e cream sample, d i lute 15 g 

of the sample according to the procedure above for fructose; run a t e s t 

for free fructose and determine the percent free fructose; then hydrolyze 

50 ml of the f inal f i l t r a t e (See Detailed Procedure, Step 16) , Treat 

25 ml according to the Kolthoff-Kruisheer procedure (Page 18); make up 

to 100 ml with water; run the Takahashi t e s t on a 20 ml al iquot of t h i s . 

The resu l t ing t i t r a t i o n values can be used i n the following way to ob

ta in the percent fructose i n the bydrolyzed sample, 

5iTotal fructose a 0 . 4 4 ( B - S) 

Then, the percentage of fructose present i n the l^drolyzed eample pro

duced by the l^drolyeis of the sucrose = f^otal fructose - ^ e e fructoee. 
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The fructose resulting from the hydrolysis of the sucrose, and 

the glucose from that source, each have an empirical formula of C,iL .Ô ô 

Sucrose alone has an empirical formula of -̂i 2^22^11* Therefore, an extra 

molecule of water is acquired in the hydrolysis procedure. This extra 

molecule of water represents 5.0> of the total weight of the glucose and 

fructose, or in other words, 95.0^ of the total weight of glucose and 

fructose obtained upon bydrolysis is contributed by sucrose. Since the 

fructose represents one-half of the weight of the sucrose, then: 

jfeucroee « (̂ iTotal fructose - >Free fructose)2 x 0.95 » 
(jfcjtal fructose - ilFrae fructose)l.9 

To check this formxila an ice cream sample containing 11.5/̂  fat, 10.0^ 

MSNF, 15.0^ sucrose, and 63.5!^ water was tested according to this pro

cedure and the results showed 15.09^ sucrose. 

Other Sugars In Ice Cream 

The glucose equivalent obtained by running a Takahashi test on 

an linhydrolyzed sample of ice cream includes the reducing power of the 

lactose from the MSHF, free fructose, and reducing sugars in com sugar 

and/or whey solids. As was shown on Page 23, General Procedure, 

% Reducing sugar as glucose (contributed^ by corn sugar _ 
and/or whey solids) = O.eSl/k - (B/0.84) - C/ 

Where 

A a ( B - S) reading for total reducing sugars 

B a g lactose/lOO g ice cream 

C « ( B - S) reading for free fructose 

The following reasoning explains the empirical derivation of 
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this formula. Fifteen grams of ice creem semple were diluted several 

timea in the Takahashi procedure (See Step 2 of Detailed Procedure, Page 

20), If the dilutions involved in this procedure are considered, it will 

be seen that the 20 ml of solution used in the Takahashi test represents 

2.0${ of the total glucose equivalent in the 15 g eample of ice cream. 

Since 

Then 

Or 

Mg Glu. Equiv,/20 ml « 2(B - S) 

Mg Glu. Equiv,/15 g ice cream « 2(B - s)50 

Grams of Glu. Equiv./15 g sample « 0.1(B - S) 

And 

% Glu. Equiv, (due to a l l reducing sugars) = 0 . 1 ( B - S)l00/15 

In other words, 

% Glu. iW)iiiv. of reducing SLigars in unhydrolyzed sample » 
0.667(B - S) 

But, the glucose equivalent in an unhydrolyzed sample of ice cream may 

include, as was shown earlier, lactose from the MSNF, as well as reducing 

eugars from added corn sugar and/or whey solids. To obtain the glucose 

equivalent caused by the added lactose and/or whey solids, one can 

utilize the Takahashi results on an unhydrolyzed sample of ice cream, 

after first having determined the percentage of free fructose and the 

percentage of lactose from MSNF, by extracting the effect of these two 

substances from the equation. To do this, the **B - S" reading for free 

fructose (the '*C** value in the equation) can be subtracted from the 

tiB - S" reading for total reducing sugar (the "A" value in the equation). 
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and then removing the reducing effect of the lactose added in the form 

of MSNF. 

This latter effect can be demonstrated by the following reasoning. 

After the grams of lactose per 100 g of ice cream are determined by the 

Crowhurst procedure, it can be seen that 

g lactose/100 g ice cream , ^ ,, ̂  
'^ .rj " = g lact08e/15 g ice cream 

And 

^ I^ctose/IQO ft i ce cream ^ ^^^^^ _ ̂ ^^^^^ 

(See Pages 57 and 62 of Appendix for derivation of the figures 1,26 and 

O . l ) . 

Then 

K. lactoee/lQO g i c e cream „ „ 
0.84 = B - o 

This l a t t e r "B - S" value represents the reducing ef fect of the lactose 

contributed by the MSKF, Consequently, the formula 

% Reducing sugar as glucose s 0.667 /A - ( B / 0 , 8 4 ) - Cj / 

represents the reducing e f f e c t of the c o m sugar and/or whey sol ids which 

may have been added to the i c e creamo 




