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RAPID SUGAR EXTRACTION PROCEDUEIS FOR THE ANALYSIS 
OF 5KESH AJ® PROCESSED FRUITS 

E5TRODUGTIOH 

In th© preparation of jams and candied fruits with sucrose 

said invert syrup, careful control of total sugar concentration and 

degre© of inversion is essential to preventing crystallisation, A 

jam or candied fruit having a total augar content of 6B to 72 per* 

cent should have a ratio of sucrose to invert sugar maintained at 

1:1 to 3*2 in order to prevent erystalliiesation (2, p*431 and 3j 

p.692)* 

It is essential* particularly in the candying of fruits 

according to the new processing methods developed by Atkinson et 

al, (2, pp# 431*436) that daily sugar analysis be made in order 

that suitable quantities of sucrose or invert syrup may be added 

as required to maintain the desired sugar ratio* A siiailar neces- 

sity for numerous sugar analyses is found in quality control of 

jam production if glucose is not used* 

The procedures for sugar analysis of fresh or processed 

fruit described by the Association of Official Agricultural Chesaiats 

(1, pp.320, 337-338, 506) involve neutralization, boiling water 

extraction, filtration, clarification and multistep dilutions 

as a preparation for determination of reducing sugars by the Lane 

and Eynon volumetric copper method (l, p,506). This determination 

requires between two and two and one-*half hours when perforaed by 



a trained analyst. It hag generally proven* in the author's expe«* 

rience* too complex to provide satisfactory results in the hands 

of persons not specifically trained in this work. Since many 

small processing plants engaged in production of candied fruits 

or jams may employ such persons in their quality control programs, 

the need for a simplified analytical method becomes apparent. 

Moreover, the relative cost of tfre A.O.A.Q* methodj both in time 

and materials, has deterred many operators of small plants from 

using eugar analysis as a part of their quality control program. 

A study of the time requirements for each step in the 

official method revealed that the greatest savings in time and 

most apparent reduction in number of manipulations could be ef- 

fected by development of a rapid extraction procedure with possible 

elimination of clarification and neutralization. 

In the matter of determination of sugars in the prepared 

extract, experiences of the author in training laboratory tech- 

nicians in use of the tane and Eynon volumetric copper method 

indicate that necessary skill in this technique can be acquired 

in one day of supervised practice. Considering this point» and 

the fact that a recent survey of the literature by Hodge and 

Davis (9» pp.3-»46) showed the Lane and Eynon titration to be the 

most rapid and least complex of current methods for reducing sugars* 

no investigation of other determination procedures was undertaken. 



For these reasons investigations ware directed toward 

developaent of a rapid sugar extraction technique which would 

give results coaparable with the official A.O.A.C. method in pre- 

cision and accuracy while involving fewer manipulations. 
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REVIEW OF LTfERATURE 

Consideration of factors involved in rapid extraction 

of sugars in jam or candied fruit indicated that the problem might 

b© approached from the aspects oft 

!♦ Elimination of Clarification with consequent 

elimination of an additional dilution} 

2. Elimination of neutraliaation by depending 

upon extraction at low temperatures to inhibit 

possible inversion of sucrose} 

3» The use of a Uaring Blendor and thus achieving 

faster extraction than by boiling. 

The following survey of the pertinent literature was made 

with the object of collecting and coordinating the results of 

pretdous work along such lines. 

Effect of Glarification 
urtwiiw »wii)W»—t»iiMmiii i » II»I mn ■■—ill imuim m 

The removal of non-sugar reducing substances prior to 

analysis of plant extracts for reducing sugars has been the subject 

of numerous publications• Reasons for the introduction of this 

step in analytical procedures remain obscure} howeveri duplicate 

analyses of eight saisples of an alcoholic extract of plant tissue 

by Morris and Welton (18, pp.l95-i99) showed no significant dif* 

f erenee in reducing power of the extract if the solution was neu-» 

tralized and clarified with neutral lead acetate or if clarification 

was omitted. 



A later report by Sullivan (a3| p. 225) recooaended an 

ulcoholic extraction of reducing sugars, removal of alcohol by 

evaporationi followed by eolution df the residue in usater, clari* 

flcation with excess neutral lead acetate and removal of excess 

Pb++ with sodium oxalate* Thi$ procedure was adopted m official 

by the A*0*A.Ci in 1932 and|. except for minor modifications* reffi&ins 

unchanged at the time of writing (1* p#94, 107-108), 

McDonald (16* pp •536-537) reports a collaborative study 

by $noll of the Canadian Committee on Sugar Analysis in which 

sables of clarified and unclarifled maple syrup were analyzed 

by Ifunson and Walker's and by liane and Eynon's methods. Miss 

McDonald's results shown in. Table 1 indicate that clarification 

of solutions of saple products is tmnecessary as a preliminary 

step ia the determination of reducing sugar, 

table 1 

Reducing Sugars in Maple Products 

kane and Bynon Munson and Walker 
Method Method 

Sati^le tJnclarw Clar*' Ohclar- Clarw- 
no* ified ified ified ified 

% % % % 
i* 1.31 1*31 1,32 1.30 
2, 6,10 6.10 6,22 6.04 
3. 1.28 1.^9 1.27 1.24 
4* 7.68 7.87 7.76 7.54 
5. 1.17 1.17 1.19 1.19 
6. 9.41 9.45 9.38 9.35 
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Further studies on the effect of clarification in plant 

analysia were made by Wiiliama et -§!• (24j p»705)« Their analysed 

of raw potatoes indicated that non-tsugar reducing substances jshieh 

interfered with micro aethods of analyais were not coa^letely re* 

moved by neutral lead acetate precipitation. At the same time 

they showed that no clarification was necessary when any of the 

A,0.A#C» raacro methods were employed* It was further demonstrated 

that the removal of color was not necessarily an indication of the 

complete removal of noa*sugar reducing substances. 

Betranue and Washauer (4> pp ♦122*126) were first to report 

on eliE&n&tion of clarification in analysis of alcoholic extracts 

of fruits. Twenty-nine samples of fruits and vegetables were 

extracted with alcohol, diluted with water and analysed for reducing 

sugars subsequent to one of the following pretreatmentst (l) nonej 

(2) clarification with decolorizing carbon} (3) clarification with 

celitej (4.) clarification with neutral lead acetate; (5) clarification 

with neutral lead acetate and decolorising carbon* 

In almost fifty percent of the plant materialo studied 

the reducing sugar content of the plant extract could be determined 

without removal of alcohol and without any fonn of clarification. 

Success &£ "this preliminary survey led to a more intensive study 

of determination of reducing sugars in pear wastes. Bevenue and 

Ulashauer1^ results of duplicate sugar determinations following a 

variety of clarification methods are set forth in Table 2. 



Table 2 

Determination of Reducing Sugars in Pear Waste 

After Pifferent Clarification Procedures ITere Used 

(fiedtteing, sugars ejcpresaed at rags* deKtros© / BOL. juice) 

Method of Clarification 

.Sample Carbon . Heutral lead JJeutral lead 
Ho»                Hone #1551 Acetate Acetate and 

Carbon 
1. 66.6, 65.9 63*6, 63.6 66*3, 65.8             67*2, 66,5 
2. 70*6, 7Q.9 66*6, 67,3 70#;0, 70.3 69*0, 69.2 
3* 62.3, 62.3 62.6, 62.6 63.0, 63*0 62.5, 63*2 
4* 61*3, 61*3 60*9, 60*9 61*5* 61*5 61*2, 60.8 
5* 61*9, 62.3 61.6, 60,6 61.8, 62.0 61*5, 61*3 
6. 53.9, 53.9 53*3, 53*6 53*5, 53.5              52*5, 53.0 

In discussion of their results Bevenue and VJashauer states 

fhere will be instances -when the investigator -Bftll 
require values for the total sugar content of the plant j. 
it seems plausible that the additional procedure of lead 
clarification would not be necessary if it proved to be 
of no value when determining reducing sugars on the same 
plant. The fact that neutral lead acetate clarification 
may not iraprove the analytical results does not preclude 
the possibility that noiw-sugar reducing substances way be 
included in the sugar value. 

The data presented are not intended to establish 
the fact that plant materials can always be analysed for 
sugars without including a clarification procedure* Rather 
the purpose is to show that, if necessary to determine sugars 
on aany sainples of a particular plant, it might save time 
and expense to make a preliminary study to determine the 
value of the clarification procedure. Also, the omission 
of the clarification routine would eliminate several pre- 
cipitation and filtration steps niihich are conducive to the 
accumulation of operational errors* 

Further doubt has been cast on the efficacy of neutral 

lead acetate clarification by Williams and Bevenue (25, pp*817^821)* 
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these authors report that lead acetate precipitation did not 

resov© all non-atugar reducing substances. In further studies 

selected ion exchange resins were found to be equal or superior 

to neutral lead acetate for the purpose of clarification as well 

as for reuuwiag undesired coloring isa plant extracts. 

A coraplet0 study of clarification of plant extracts is 

now being conducted for the A»0,A#G* by Williams} as reported by 

Griffin (B, p,51)* 

Neutralisation 

fha necessity of neutraliaation prior to extraction was 

noted by HeRobsrts (17, pp.375-378) who reported a study of the 

effect of boiling on inversion of sucrose in a syrup consisting 

of equal proportions of raspberry juice ajad sucrose with added 

citric acid to give a pH of 3#4. Following a one hour boil, 

analysis of this solution for reducing sugars revealed 26 percent 

mor& reducing sugars in the boiled sample than in a control tshlch 

had been held at room temperature. 

Boy (20, pgji,638»639) describes the boiling water extraction 

aethod as the one most coiaffionly used for fruits and vegetables. 

The jaethod cited consists of taking a representative sample of 

fruit tissue, usually 100 pis,, and boiling this for one hour in 

500 ml. of water to which 1,0 gras, of calcium carbonate has been 

added to neutralize any acid present. 



Further evidence of the effect of pH and teiBperaturo on 

inversion of eucros© is presented by Atkinson et ^L. (2, pp,4.33-435 )• 

This work indicates that imr§rsion at rooa teaiperatur© or lower ie 

negligible in the tiae interval required for performing a sugar 

extractioa but that at boiling temperatures appreciable aaounts 

of sucrose might b® hydrolized in a P'roduct of pH 3*5 or lower, 

faring BXendor Extraction 

Critical eseaaination of th© literature concerning clarifi* 

cation indicated that elimination of this step in analysis of fresh 

and candied fruits or fruit jaias should be investigated? however* 

more ifflportant as regards rapidity of aaaple preparation srould 

be elixaination of on© hour boiling extraction. The following ref- 

erences suggest the possibility of using a Waring Blendor for aor© 

rapid extraction of sugars. 

Use of a TSfaring Blendor in the laboratory was first described 

by Davis in 1939 (5> p.752) and a aot© concerning its application in 

the preparation of aqueous extract© of plant materials was later 

published by the same writer (6, pp*2i7«*218)* Waring Blendor 

extraction was employed for determination of sugars in apple tissu® 

by Leonardj. Meade and Bustntaa (15> pp*579*582). Extracts were 

prepared, by blending the tissue with 95 percent alcohol for five 

minutes^ a procedure which the authors claim gave a saving of aore 

than two hours in the time required for analysis without sacrifice 

of accuracy. 
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Seifgy and 'Helvill® (19> pp« 223*2214) discri'b® a procedure 

for preparing ■exiractd of water soluble aflterialSj, pa^tiire ©raase'S 

and root vQgetafolmt 

fh® fresh tissue is rapidly cut into lengths of about 
§ inch and an aliquot of 10 to 20 gat*, is weighed out. About 
50 gsas* crushed ice^ prepared from distilled water, BT& placed 
in a 500 aU Blender container with A screw tep, followed by 
the tiseu© aliquot, 10 ial» of peroxide-free ether and froa 70 
to 100 ntL* of ice cold dietilled water, the top is firmly 
screwed on and the contente blended for 2-| minutes, the asaea- 
bly being slightly tilted once or twice to prevent particleB 
from sticking to the lid. A further 50 gne. of crushed Ice 
are added, the lid is washed down with a little water, and 
the blending continued for a further 2| minutes. The lid is 
washed down again with a little tater, 2 or 3 drops of capryl 
alcohol are added and the contents transferred to a 250 or 
500 ill. flask using ice water for washing. The flask is 
shaken to expel entrapped air and the contents raade to volume. 
The total iiiae elapsed from cutting up the tissue tUl the 
final extract is made to volume should not exceed ten minutes 
uMle the teirtperature of the final laacerate is about 80 G. 

This extraction was followed by clarification with cadmium 

hydroxide as described by Doak (7M  p.90). 

Lane .and Eynon Volumetric Method, for Reducing Sugars. 

Although this work was not concerned with investigation 

of methods of sugar determination, statistical interpretation of 

data mad© necessary the following brief review of papers concerned 

with precision of the I»an@ and Eynon method. 

Th© Lane and Eynon general volumetric method (l, p.506) for 

reducing sugars has been the subject of numerous studies in tfoich 

it was eompared with gravisnetrlc copper aethods. Heed for a study 

of the accuracy of the method was expressed by Jackson in 1925 

(10, p.403) and further investigation by the saae worker (11, pp,17&* 
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180) showed it. to b© at least as aeaw&t© m the grevtoetrie aathodfi 

th©n in nm9 ©Eid considerably aor© rapid. With spegard to variation 

in boiling timo Jackson shotwsd (12* p<*l69 and 13* p.201) that vari- 

ations from the normal three minute boiling time of as much as two 

toiautes produced almost negligible variations in the titration value. 

This is shown in Table 3 (13, p,20l), 

fable 3 

Effect of Time on Lane and Eynon Titration 

of Levuloae and Levulose-Dextrose Solutions 

80 percent Levulose 
Levulose 20 percent Dextrose 

Time Titer       t i                     Time Titer 
Min. Sec. ml.        i t      Min. Sec. ml. 

2  30 25.22 i                    1 21 21.26 
2  35 25.24       i t                    1 30 21.20 
2  59 25.23       i t      - 1 55 21.20 
3  05 25.24       i r        2 10 21.11 
3  44 25.20       i :        2 20 21.20 
3  46 25.20 !          2 53 21.18 
4  52 25.20       i r       3 09 21.15 

Sale (21, pp.502-515), in describing methods of the U. S# 

Food and Drug Administration laboratories, noted that reducing 

sugars might b© determined by the Lane and Eynon method or according 

to the Munson and Walker procedure, but that the Lane and Eynon 

method was preferable as regards its rapidity. 

The precision of the Lane and Eynon method is reported by 

Jackson and McDonald (14, pp*371-372) to be within 0*1 ml. for anal*. 

ysis of pure solutions with sugar concentrations of 110-325 mg*/l00 mlv 
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mTERIAI£ AW MEfHODS 

Satyles for 

the jam© used in this investigation were saraples submitted 

to the author ls laboratory by the British CoiuflMa Canned Foods 

Association and ajfe intended t© h® representative of the 1953 

comffiercial pack in that provinc©*. All samples were packed in 

standard two pound containers. 

Candied aucca melon samples consisted of one pound lots 

taken from ten consecutive days* production at the plant of Sunoca 

JVuit Products tiimited, Summerland, B, G. Other candied fruits 

were in on© pound lots submitted by inspectors of the Canadian 

Agricultural Marketing Service or purchased from retail stores* 

Strsifberries for analysis as fresh-froaen fruit were of 

th© British Sovereign variety purchased from commercial growers 

in the Okanagan Valley of British Columbia* One pound lots of 

berries, ehosen to represent maturities ranging from very immature 

to overripe,, were washed, hulled, sealed in pliofilm bags and 

quick frozen at "»20° F» the £*Q$en berries were kept at 0° F, 

until required for analysis. 

Apricot samples of approximately two pounds (22, p«13) 

were selected from trial varieties grown at the Dominion Experimental 

Station, Summerland, B. C. Samples were washed, pitted, packaged 
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and frozen in a similar manner to the stravrberrles* Again care 

was taken to select a wide range of maturities so as to provide 

a suitable variation in sugar contents and thus enhance the sig- 

nificance of correlation studies made on the results* 

Two pound samples of prunes were selected from the Greta* 

DeMaris and Fryer strains of Italian Prunes* These were washed, 

pitted* packaged and stored under the same conditions as the apri** 

COtS a 

Reagents 

All chemical reagents were "Reagent Qrade" unless other- 

wise specified* Distilled water was used for preparing all solu* 

tions* 

Methods 

A preliminary experiment was designed to study the suit** 

ability of four possible methods of sugar extraction for candied 

fruit analysis. These methods were devised to show the effects 

of eliminating neutralization and clarification in procedures 

involving boiling extraction and extraction in the cold* with 

gentle agitation from occasional stirring or with rapid agitation 

as in a Waring Blender. The results were compared with those 

obtained by a modification of th© A«0*A»C« procedure (1, pp#3209 

337-338, 506)* The four extraction procedures investigated were 

as follows s 
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Method 1« Hot extraction (solution not neutralized or clarified) 

A one pound sa!apl& of candied fruit was ground in a meat 

grinder employing the finest disc. The ground fruit was well 

mixed and a 50 gm. sample was weighed on a torsion balance having 

a precision of 0,01 gm. The weighed portion was washed into a 

600 ml. beaker with 350 ml* of water and the mixture was stirred 

to disperse the ground fruit. Extraction was completed by boiling 

the macerate for 15 minutes, boiling water being added when neces- 

sary to make up any loss in volume due to evaporation. Following 

this extraction the solution was cooled, diluted to 500 ml. in a 

volumetric flask and filtered using Ho. 4 Whatraan paper. 

A 25 ml. aliquot of filtrate was diluted to 500 ml. for 

determination of invert sugars. For estimation of total sugars, 

as invert, a similar aliquot was transferred to a 250 ral. Erlen- 

meyer flask containing 50 ml. of water and 5 ©as. of citric acid. 

Contents of the Erlemseyer flask were boiled for 10 minutes to 

coiaplete inversion of sucrose, cooled^ neutralised with 10 percent 

sodium hydroxide to the phenolphtaelin end point (pH 8«1) and 

diluted to 500 Bfl.. in a volumetric flask, Complete cooling prior 

to neutralization was found necessary to avoid destruction of 

fructose by alkaline hydrolysis upon inadvertent addition of 

excess alkali. The dilutions described were normally found suit* 

able for titration by the Lane and Eynon volumetric method using 

10 ml. of mixed Soxhlet solution (l, p.506). 
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Method 2. Cold extraction (solution not neutralized or clarified) 

A 50 gnu aliquot of ground sample, prepared as for Method 

1, was washed into a 600 ml. beaker with 350 ml. of cold distilled 

water and the mixture was stirred until all the sugar appeared to 

be dissolved, after which the mixture was allowed to stand for 30 

minutes with occasional stirring. The solution was diluted to 500 

ml* and filtered. Aliquots were titrated for total and invert 

sugars as described in Method 1. 

Method 3» Hot extraction (solution neutralized but not clarified) 

This method was identical with Method 1 except that the 

Rrixture was neutralized with sodium hydroxide to a pH of 8,1, 

as determined with a glass electrode, prior to extraction by boiling. 

Method A*   Extraction in Waring Blendor (elimination of neutralization, 

clarification and initial dilution) 

The sample was prepared by grinding a one pound sample of 

candied fruit as in Methods 1-3. A 50 gm. aliquot was transferred 

to a one quart Waring Blendor jar together with -485 ml. of water 

measured from a burette at 20° C. This volume of water, combined 

with approxiaately 15 ml. of water estimated to be In a 50 gm. 

saHiple of candied fruit, having a total soluble solids content 

of 70 percent, was found to give a final volume of 500 ml. ± 

3 ml. The mixture was blended at approximately 12,000 rpm, for 

5 minutes. Contents of the Blendor wer© filtered and aliquots 

of the filtrate taken for sugar determination as in Method 1. 
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Method 5* Modification of the A,OrA.C. procedure for fruits and 

fruit products (hot extraction* solution neutralized 

and clarified) 

A 50 or 100 gnu aliquot of well ground material was trans- 

ferred to an 800 mi. beaker with 400 mU of water and the mixture 

was stirred to disperse the majority of soluble material prior to 

neutralisation. Two methods of neutralization were employed* 

(1) If the total acid content of the sample had been 

previously determined by tltration of a boiling water extract of 

the same material with standard alkali to pH 8.1, it was possible 

to calculate the volume of standard alkali necessary to neutralize 

the sample to an initial pH of 8.1. 

(2) If the total acid content was not previously known 

it was found satisfactory to neutralize the well-stirred mixture 

with 1 M sodium hydroxide to a pH of 8.1 as determined with a 

glass electrode. 

After neutralization the mixture was boiled gently for 

one hour, the initial volume being maintained by addition of boiling 

water. Following this step the solution was cooled> diluted to 

500 ml. in a volumetric flask and filtered through No. A Whatman 

paper. 

For clarification a 100 ml, aliquot of the filtrate was 

pipetted into a 500 ml. volumetric flask containing 200 ml. of 

water. For fresh fruit a 200 or 400 ml. aliquot was necessary 
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on account of lower sugar content. The flask was rotated to mix the 

solution,exactly 2 ml. of 45 percent w/v neutral lead acetate were 

added and, after mixing again, the solution was allowed to stand 

10 minutes to complete clarification. For clarification of fresh 

fruit extracts 10 ml. of neutral lead acetate was required. Excess 

lead was precipitated by addition of 22 percent w/v potassium oxalate 

solution, the volume added being the same as that of neutral lead 

acetate* After dilution to 500 ml. and thorough mixing the solution 

was filtered through a fine grain paper such as Iflhatman No. 41H. 

A small portion of the filtrate was tested for unprecipitated lead 

by addition of excess potassion oxalate solution. If the filtrate 

became cloudy, indicating the presence of lead, a crystal of potas- 

sium oxalate was added to the remainder of the solution and after 

thorough mixing the solution was refiltered and retested. For 

sugar determinationj an aliquot of the clarified filtrate was 

diluted to provide a sugar concentration of 110-325 mg./lOO ml. 

in the solution used for titration by the Lane and Eynon volumetric 

method. Such a concentration would allow a titer between 15 and 

50 ml., thus covering the range of titers for which conversion 

factors are tabulated (1, p.830). 

Satisfactory extraction of sugars by use of a Waring 

Blendor (Method 4) led to adaptation of the Reifer and Melville 

technique (19, pp.223-224) to extraction of sugars from jams and 

candied fruits. At a later stage of the work this method was 
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also tested in analysis of fresh-frozen berries and stone fruits. 

The modified Reifer and Melville method may be described as follows t 

Method 6. Modified Reifer and Melville Method (Waring Blendor 

extraction at approximately 0° C*j neutralization and 

clarification eliminated) 

A 50 gm. aliquot of ground, mixed sample was taken and 

transferred to a one quart Waring Blendor Pyrex jar with 250 ml# 

of ice cold distilled water. The jar had been cooled in a refrig<- 

erator and, prior to use, was wetted with a small volume of distilled 

water to prevent sticking of the sample♦ Approximately 60~70 gm. 

of distilled water ice (2 small cubes) and 2-3 drops of capryl 

alcohol were also placed in the Jar. The contents of the jar were 

blonded for 2| minutes with the lid held firmly in place. An 

additional 60-70 gm. of ice were placed in the jar, the lid and 

sides were washed down with a few ml. of water and blending was 

continued for 2§ minutes more* The contents were then transferred 

to a 500 ml, volumetric flask, the jar and lid being washed care- 

fully with water. The flask was shaken vigorously to remove entrapped 

air and made to volume at 20^ C, The blendor jar wad rinsed twice 

with small portions of the macerate from the volumetric flask and 

the washings discarded. Finally the remainder of the contents 

of the volumetric flask were decanted into the blendor jar and 

blended for 1-2 seconds with sufficient long fiber, acid washed. 
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asbestos to fill a 100 ml. beaker. The resultant slurry was fil«- 

tered through a 9 cm., coarse porosity* sintered glass filter, 

using vacuum when necessary. 

Suitable aliquots of th6 filtrate (20-100 ml.) were taken 

and diluted to 500 nil. for determination of invert sugars by the 

Lane and Eynon volumetric method. Similar aliquots were taken 

and inverted by boiling with citric acid preparatory to deter- 

mination of total sugars as described in Method 1* 
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RESULTS 

The results of expeapimental detenainations will be set 

forth in the following orders 

1. Preliminaiy analysis of candied fruits by Methods 1*5« 

2* Comparison of Methods 1 and 5 in analysis of black 

currant jam. 

3, Analysis of candied zucca melonj a comparison of sugar 

extraction by the A.0#A,C. procedure (Method 5) and 

by the rapid extraction technique (Method 6). 

4« Analysis of assorted candied fruitsj a comparison 

of sugar extraction by Methods 5 and 6. 

5» Analysis of commercial jam samplesj a cofflparison 

of sugar extraction by Methods 5 and 6, 

6, Analysis of fresh-frozen strawberries, apricots, 

and prunes; a comparison of sugar extraction by. 

Methods 5 and 6. 

1. Preliminary analysis of candied fruits by Methods 1-5. 

Results of duplicate sugar determinations made on candled 

fruit extracts prepared by Methods 1*5 are shown in Table A» 



TABIB 4 

A1MXSIS OF SAKDIED fRUITS DSIHG FIVE SETHODS OF SUGfiR EmACTION 
(Results reported In duplicate) 

Method 1 Method 2 Method 3 Kethod 4 Method 5 
a b a *1 a 
d d c d c 

Sanple pR f £ f f e 

TOTAL SUGARS 
% % % 51 % 

56.5 56.0 56.0 55.8 55.8 
Candied 3.4-5 56.4 55.4 56.6 55.6 55.3 

Cherries INVERT SUGARS 
% % % % * 

a.? 41.2 41.4 a.7 41.3 
41*2 41.1 41.6 41.2 41.2 

TOTAL SUGARS 
% % % *■ % 

61.0 60.8 60.4 61.0 62.4 
Mixed 

3.56 

60.0 60.8 59.7 60.8 62.9 

Candied I H? E R T SUGARS 
% % % % 2 

Peel 49.9 48.9 48.6 49.1 49.1 
49.2 48.8 48.8 49.4 48.8 

a - hot extraction 
b - cold extraction 

c - neutralized 
d - not neutralized 
e - clarified b. - cold extraction 

in Waring Blendor     f - not clarified 
P 
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2. Comparison of Methods 1 ^nd 5 in analysis of black currant 
jam. 

The results in Table 4 Indicated no difference in Invert 

sugar content of extracts prepared by Method 1 (hot extractions 

no neutralisation or clarification) and Method 5 (modified A.O.A.C* 

extraction procedure). For this reason a further preliminary 

experiment was designed to compare these methods in analysis of 

a product ■wdth low pH and high sugar content. Black currant jam 

was selected for this purpose since the average pH of 30 commercial 

samples tras found to be 2.95 as compared with an average pH of 

approximately 3.2 in more than 2,000 jam samples analyzed in the 

author*s laboratory• Total and invert sugar content of extracts, 

prepared by Methods 1 and 5, from two samples of black currant 

jami are shown in duplicate in Table 5. 

Table 5 

Total and Invert Sugars in Black Currant 

Jam as Determined by Methods 1 and 5 

Met* wdl Method 5 

Sample 
No. 
1* 

pH 
2.91 

Total 
Sugar 

% 
63.7 
63.7 

Invert 
Sugar 

% 
54.9 
54.9 

Total 
Sugar 

% 
63.9 
64.7 

Invert 
Sugar 

% 
49*1 
48.7 

2. 2.95 63*7 
63.8 

61.2 
60.9 

63.9 
64.1 

59.3 
59.0 
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A review of the literature guided by results of the prelim* 

inary experiments led to consideration of the Reifer and Melville 

extraction procedure (17, pp.223-224.) as an inprovement over Method 

4 (Extraction at 20° C* in a Waring Blendor)* Accordingly a modifi- 

cation of the Reifer and Melville procedure (Method 6) was employed 

in analysis of frozen raspberries for total and invert sugars* 

Successful results in this preliminary test led to design of a 

series of experiments to test the following hypothesist 

The concentrations of total and invert sugars in candied 

fruits and jams, as determined by Method 6, are not significantly 

different from the same values determined by thd modified A.0«A*C. 

method. 

The hypothesis was first tested in the analysis of candied 

zucca melon. Results of analyses of ten replicate samples by both 

methods are shown in Table 6. From these results the value of wsw 

the siaiidard error is obtained. Results of the P test indicate if 

there is a significant difference in variance between results by 

the two methods. 

3. Analysis of candied zucca melonj a comparison of sugar extraction 
by thd A.O.A.G. procedure (Method 5) and by the rapid extraction 
technique (Method 6). 

In order to obtain an estimate of the correlation between 

results obtained by the two methodS| ten different candied zucca 

melon samples were analyeed for total and reducing sugars. Results 

are shown in Table 7* In addition to the correlation coefficient 
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wrn the average difference of paired values was calculated and a 

Student's "t" test made to determine if the average difference of 

the paired values was significantly different from aero. Values 

of "r", the average difference of paired values, and "t'1 are given 

at the foot of Table 7. 

Meanings of the notations HS» S, and HS are as follows: 

US «*■ not significant, no significant difference 

S - significant at the 95 percent significance level 

but not significant at the 99 percent significance 

level 

HS * significant at the 99 percent significance level 

These notations will be used throughout the remainder of the results, 

4,* Analysis of assorted candied fruits J a comparison of sugar 
extraction by Methods 5 and 6. 

Tables 8 and 9 contain results of a similar study to that 

reported for candled zucca melon. In this case Methods 5 and 6 

are compared in analysis of assorted candied fruits. 

5# Analysis of commercial jam samples; a comparison of sugar 
extraction by Methods 5 and 6. 

Data In Table 10 comprises the results obtained by analysis 

of 40 different commercial jam samples by Methods 5 and 6. In 

Tables 11 and 12 results of ten replicate determinations of total 

and invert sugars in typical berry and stone fruit jams are reported. 
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6. Analysis of fresh»froaen stravfoerrieSf apricots> and prunesJ 
a comparison of sugar extraction fey Methods 5 and 6. 

Tables 13-18 set forth results of replication and correls* 

tion studies with fresh-frozen strawberries (no sugar added)$ 

apricots and prunes* These tables are identical in arrangement 

to Tables 6 and 7. 
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TABLE 6 

TOTAL AM) INVERT SUGARS IN CANDIED ZUCCA MELON AS DETERMIHED 

BI THE A.O.A.C. kW RAPID EXTRACTION PROCEDURES 

(Ten replicate determinations by each method on a blended sample) 

Total Sugars Insert Sugars 

Replica- A.O.A.C. Rapid A.O.A.C. <■ Rapid 
tion No* % 

* 
% % 

1. 62.7 62.4 26.0 26.1 
2. 62.6 62.6 26.0 

J 

26.1 
3. 62.6 62.2 26.0 26.1 
4. 62.7 62.4 26.2 26.1 
5. 62.5 62.2 26.2 26.0 
6. 63.1 62.2 26.4 26.1 
7* 62.6 62.3 26.1 26.0 
8, 62.6 62.6 26.4 26.0 
9. 62.6 62.1 26.3 26.1 

10. 62.6 62.6 26.0 26.0 

8   (%) 0.052 0.060 0.125 0.05 
P9&9 df. 1.33 NS 5.83 S 
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TABLE 7 

TOTAL AND INVERT SUGARS IN CANDIED ZUCCA MELON AS DETERMINED 

BY THE A.O.A.C* AND RAPID EXTRACTION PROCEDURES 

(Ten different samples) 

Total Sugars Invert Su gars 

lanipl© .A.O.A.C. Rapid A.O.A.C. Rapid 
No. , % 38 % % 

1. 6^.8 63*6 38,0 37*8 
2. 59.6 59.2 29.0 28.9 
3. 62.5 62.8 33.8 34.3 
4. 59.2 59.5 22.9 23.2 
5. 59.2 59.6 25.2 25,1 
6. 62.2 62.5 30.0 30,2 
7, 63.1 63.1 23,1 23.1 
8. 67.1 66.3 22.9 22.3 
9. 73.6 73.5 18,9 18.9 

10. 72.8 72.7 43.2 43,0 

r8df. 0.995 HS 0,999 HS 

Ave. diff. 0.13£ - 0.02$ 
(A.O.A,C. Rapid) 

t9df. 0.61 NS - 0.06 NS 
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TABLE 8 

TOTAL AND INVERT SUGARS IN MIXED CASBIED FRUITS AS DETERMINED 

BI THE A.O.A.C, AND RAPID EXTRACTION PROCEDURES 

(Ten replicate determinations by each method on a blended sample of 
candied zucca melon, peel, pineapple, and cherries) 

Total Sugars Invert Sugars 

Replica- A.O.A.C, Rapid A.O.A.C, Rapid 
tion Mo. % % % % 

1. 54.2 54.2 39.4 39.7 
2. 54.2 54.2 39.7 39.6 
3. 54.3 54.1 39.5 39.7 
-4. 54.2 54.4 39.6 39.7 
5. 53.9 54.2 39.6 39.6 
6. 53.7 54.3 39.6 39.7 
7. 54.3 54.0 39.9 39*8 
8. 54.3 54.2 39.9 39.9 
9. 54.2 54.1 39.9 39*8 

10. 54.1 54.0 39*8 39.8 

3 (ft 0.062 0.040 0.056 0.03< 

F9&9 df. 
2.24 NS 3. ,57 NS 
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TABLE 9 

TOTAL AND IIWERT SUGARS IS CANDIED MJITS AS DETERMIffiD 

BY THE A.O.A.C. AHD RAPID EXTRACTION PROCEDURES 

Total Sugars Invert Sugars 

Sample A»0*A.C. Rapid 
% 

A.0.A.( 
% 

Rapid 
% 

Candied 
/*> 

Cherries 70.4 71.2 31*9 31.4 
Cherries 63.7 63.5 34.7 34.8 
Cherries 53.5 53.3 40.5 40.5 
Cherries 60.4 60.5 36.9 37.7 
Peel 61.2 61.2 31.8 32.0 
Peel 62.3 62.3 41.1 41.2 
Peel 56.4 56.2 45.9 45.7 
Pineapple 74.2 73.9 39.4 39.0 

Maraschino 
Sherries 46.0 45.8 37.9 37.9 
Cherries 49.5 49.2 47.1 48.0 

r.. 0.999 HS 0.997 HS 
8 Of. 

Ave. diff . 0.05£ <•» 0.10^ 
(A.O, 

to, 

*A*C<, 

if.. 

Rapid) 

0.48 NS *» 0,70 NS 
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TGTAX, km  IIWERT SUGARS IN COMMERCIAL JAM SAMPLES AS DETERMINED 

BY THE A.O.A.C, At© RAPID EXTRACTION PROCEDURES 

Total Su, gars Invert Su, gars 

Type of 
Jam 

A.O.A.C. 
% 

Rapid 
% 

A.O.A.C. 
% 

Rapid 
% 

Apricot 
IJ 

it 

70.9 
70.2 
69.0 

71.2 
70.2 
68.9 

27*2 
22.6 
39.1 

27.1 
22.2 
39.6 

Blackberry 
it 

H 
it 

69.1 
70.6 
67.5 
70.4 

69.9 
71.2 
68.3 
70.2 

50.2 
46.5 
35.2 
41.6 

50.1 
45.7 
35.2 
41.4 

Black currant 
it 

u 
n 

69.2 
67.2 
67*7 
68.3 

68*9 
67.2 
68.7 
68.9 

46.2 
59*8 
46.3 
34.4 

45.7 
61.4 
46.5 
34.6 

Loganberry 
« 

n 
it 

67.7 
68.4 
66*5 
66,7 

67*5 
69*0 
66.4 
66*8 

49.8 
54.4 
55.2 
49,1 

49.7 
55*1 
51*2 
49*6 

Cherry 
n 

70.7 
68.4 

70.4 
68,9 

28.1 
29.2 

28.4 
28,8 

Peach 
n 
it 

it 

70.5 
68.6 
66.5 
66.1 

70.4 
68.8 
67.2 
67.7 

24.6 
29.5 
23.6 
35.3 

24.7 
28.9 
23.8 
35.6 
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to feal Sugars Invert &\ igare 

Typs of                ' A.O.A.C, 
Jaa                          % 

s Rapid 
% 

A.O.A.C. 
% 

Rapid 

Plum 
n 
it 

H 

68*5 
70.8 
69.3 
67.7 

69.4 
70.5 
68.9 
66.9 

48.5 
39.2 
31.1 
47.6 

48.8 
38.5 
31.2 
47.8 

Raspberxy 

n 
W 

72.2 
67.8 
68.9 
67.1 

71.8 
68.4 
68.5    . 
66.7 

37.1 
53.0 
43.8 
44.4 

36.5 
53.7 
43.7 
43.5 

Strawberry 
it 

it 

n 

70.4 
69.9 
67.7 
67.1 

70.8 
70,1 
68,1 
67.5 

4^.2 
37.6 
31.1 
44.5 

42,5 
38,0 
30.9 
44.0 

Orange 
liarnalade 

H 

II 

G.L.O. 
Marmalade 

u 

70.6 
66.1 
68.2 
68.9 
72,4 
70*0 
71.3 

70.8 
67.4 
68.1 
69.3 
72*7 
70.4 
71.8 

24.1 
37.6 
49.2 
39.5 
17.7 
35.4 
36.1 

23.8 
37.5 
48*5 
38.9 
17.4 
35.6 
35.7 

£ (38 df.) 0.952 HS 0.997 HS 

Ave. diff.           <■> 
(A,0,AsC. Rapid) 

0.24$ 0.17$ 

t (39 df.) 3.00   HS 1.44 HS 
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TOTAL AHD IWERT SUQARg IH RASraBRRT JAM AS DETERMINED 

BY THE A.O.A*C. AM) RAPID EXTRACTION PROCBDURIS 

(Ten replicate determinations by each method) 

Total Sugars Invert Sugars 

Replica** A^O.A.C. Rapid A.O.A.C. Rapid 
tlon No, % % % %■ 

1. 69.3  , 69.1 45.4 45.3 
. 2. 69.5 69.7 45.3 45.4 
3. 69.2 69,5 45.4 45.3 
A. 69.3 69.3 45.6 45,2 
5. 69.6 69.9 45.6 45.4 
6. 69.6 70,0 45.4 45.5 
7. 69,7 69.9 45.2 45.3 
8. 68,9 69.6 46.0 45.2 
9. 69.2 69.4 46.1 45,5 

10. 69.5 69.5 45.5 45,3 

a {%) 0.077 0,101 0,077 0.039 

F9&9 df. 1,72 NS 3.87 NS 
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TABLE 12 

TOTAL AND INVERT SOQARS IN PEACH JAM AS DETERMINED BY 

THE A.O¥A*C, AKD RAPID EITRACTIOH PROCEDURES 

(Ten replicate determinatlona bjr each method) 

Total Sugars Invert Sugars 

Replica- A.0,A.C. Rapid AtO.A.C* Rapid 
tion No. ' % % % 

1, 68.9 68.7 29*7 29.7 
2, 68,9 68.5 30.0 29*5 
3. 69.1 68.6 29*6 29.6 
4. 69.2 69*2 29.8 29*9 
5. 68.4 69.5 29.5 30.0 
6. 68.8 68.2 29.6 29.5 
7. 69.2 68.6 29.7 29*9 
8. 69.1 68.6 29*9 30*0 
9. 68.2 68.7 29.4 30*0 

10. 69.0 69.4 29.5 J^.S 

3 (80 0.106 0.133 0.060 0*06- 

F 
9&9 df. 

1.56 m 1*15 NS 
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TABLE 13 

TOTAL AKD INVERT SUGARS IN FROZEW STRAIBERRIES AS DETERMIKED 

BI THE A.O.A.C. AKD RAPID ErTRACTION PROCEDURES 

(Ten replicate determinations by each method) 

Total Sugars Invert Sugars 

Replica* A.O.A.C. Rapid A.O,A.,G. Rapid 
tion Ho, %' % % % 

1. 6,32 6,36 6.20 6.31 
2* 6.33 6,28 6.18 6.21 
3. 6.33 6,27 6.28 6.20 
4, 6.11 6.41 6,08 6,34 
5, 6.02 6,46 5,99 6.37 
6. 6.13 6,22 . 6.12 6.18 
7. 6.10 6.17 6,04 6.14 
8. 6.06 6.21 6,04 6,14 
9. 5.97 6.15 ,  5.94 6.14 

10, 6,12 5.94 6.03 6.16 

& «> 0,132 0.148 0,105 0,081 

F9&9 df, 
1.26 m 1.41 NS 
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TABLE 14 

TOTAL AHD IIWERT SUQARS IH FROZEN STRAIBERRIES AS DETERMINED 

BY THE A,G.A.C, AHD RAPID EXTRACTION HIOCEB0RES 

(Ten different samples) 

Total Sugars Invert Sugars 

Saui^le A.O.A.C, Rapid A.O.A.O. Rapid 
No. % % ? % 

1. 5.48 5.53 5.49 5.50 
2. 5.72 5.78 5.67 5.71 
3. 4.97 4.96 4.71 4.84 
4. 7.77 7.83 7*63 7*78 
5. 6.84 6.89 6.83 6.82 
6. 5.67 5* a 5.60 5*72 
7. 5.81 5.98 5.77 5.92 
8. 5*77 5.86 5.69 5.81 
9. 5.89 6.15 5.76 6.08 

10. 6.32 6.36 6.20 6*31 

r8 df. 0.960 HS 0.993 HS 

Ave . diff. *■ 0.091 - 0.114 
(A.O.A.C. : Rapid) 

^df. - 1.143 NS * 1.232 NS 
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TABLE 15 

TOTAI. MS)  INVERT SUGARS IN FROZEl APRICOTS AS DETERMINED 

M THE A*O.A.C. AND RAPID EXTRACTIOM PROCEDURES 

(Ten replicate determinations by each method) 

Total Sugars Invert Sui gars 

Replica- A*O.A»G. Rapid A.O.A+C. Rapid 
tion No* % % % % 

U 7.72 7.43 2.13 2.37 
2, 6.57 7.35 2.14 2.44 
3. 7*07 7.40 2.21 2.39 
4. 7.13 7.33 2.20 2.40 
5. 7.15 7.38 2.00 2.37 
6» 7.34 7.38 2.19 2.39 
7. 7.41 7.52 2.18 2.44 
8. 6.44 7*50 2.14 2.40 
9. 6.58 7.50 2.14 2.40 

10. 6.25 7.52 1,93 2.39 

a m 0.4SO 0.073 0.091 0,02. 

F9&9 df• 42.957 HS 14.047 HS 
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TABLE 16 

TOTAL AND INVERT SUG&RS IN EROZEN AKIICOTS AS DETERMINED 

BY THE A.OfA*C. AND RAPID EXTRACTION PROCEDURES 

(Ten different sables) 

Total Sugars Invert Sugars 

Sample AfO.A.C. Rapid At0,A.C. Rapid 
No, % % % % 

1. 5.76 5.84 1.98 1.98 
2. 5.79 5,85 1.75 1.78 
3. 4.61 4.59 1.10 1.09 
4. 6.01 6.33 1.79 1.81 
5. 6.32 6.37 1.11 1.08 
6* 6.27 6.23 1.72 1.97 
7. 6.38 6.38 2.72 2.83 
8. 6#39 6.27 2.68 2.80 
9. 6.58 6,56 2.59 2t95 
10. 6.88 6.88 2,24 3,04 

r8 df ♦ 0.960 US 0.998 HS 

Ave. diff. * 0.021 i - 0,165 
(A.O.A^C* Rapid) 

S df. 1.087 NS 2.040 NS 
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TABLE 17 

TOTAIi AHD INVERT SUGARS IN PROZEN FROTES AS DETERMINED 

BY THE A,0,A,C* AM) RAPID EXTRACTIOH FROCEDURES 

(Ten replicate determinations by each method) 

Total Sugars 

Replica*      A*O.A.C*     Rapid 
tlon Mo.        % % 

!♦ 12.H 12.22 
2. 12.09 11.97 
3. 12.19 11,85 
4. 12.17 12.09 
5. 12.15 12.10 
6. 12.08 12.07 
7* 12.09 12.19 
8. 12.16 12.21 
9« 12.14 12.10 

10. 12.10 12*09 

s (%) 0*038 0.112 

\m df. 8*67 HS 

Inve irt Sugars 

A.0.A*C. 
% 

Rapid 
% 

5*58 5.93 
5.52 5.60 
5.62 5.56 
5.59 5.67 
5.56 5.66 
5.58 5.67 
5.54 5*72 
5.53 5.68 
5.54 5*70 
5.56 5.72 

0.031 0.09' 

10.09 HS 
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TABtB 18 

TOTAL AND lOTERT SUGARS II FROZBH PRUNES AS DETERMIHED 

BY THE A*0.A*C* Alt) RAPID EKTRACTION PROCEDURES 

(Ten different aanplea) 

Total Suga ra Invert Sugars 

Sanple A,0.A#C* Rapid A.O.A.C. Rapid 
No. % % ;            % % 

1. 13.85 U.51 7.40 7.03 
2, 13,95 13.97 6.90 6.74 
3. 10.90 11.18 4.26 4.27 
4. 10.05 10.22 5.03 5.14 
5* 11.02 11.41 4.45 4.48 
6. 11.42 11.50 5.66   * 5.81 
7. 11.22 11.15 5.73 5*82 
8. 9*90 10.01 5.06 5.14 
9* 10.55 10.50 5.04 4.96 

10. 12.01 11,89 5.97 5.81 

^8 df. 0.987 KS 0.992 HS 

Av© * dtff. * 0.U7 0*035 
(A#O*A»0. Rapid) 

% df. - 1.935 m 0.683 NS 
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DISCUSSIOW OF BEStrLTS 

Preliminary comparison of extraction by Methods 1*5 (Table 

4) indicates that there is no large difference in total and Invert 

sugars content of candied fruit extracts prepared by any of these 

methods* The sampling was not sufficiently divers© to permit 

drawing of angr generalized conclusion^ for all high sugar products 

from these dataj however, these results do serve as a guide to 

further approaches to the problem of developing rapid sugar extrac- 

tion procedures. 

Although satisfactory extraction was obtained by Method 1 

in analysis of candied fruit (pH 3«4.*3*6) it was not presupposed 

from this evidence that boiling water extraction of high sugar 

products with lower pH would be satisfactory by this method. In 

order to investigate this possibility a preliminary analysis of 

black currant jam was made by Methods 1 and 5 (Table 5). Extracts 

prepared by Method 1 (hot extraction, no neutralisation or clari- 

fication) had an appreciably higher invert sugar content than those 

prepared by the modified A,0.A.C, Method (5). This increase may 

be attributed to inversion of sucrose under conditions of the 

extraction. Since total sugars are the same when determined by 

either method it is assumed that the efficiency of extraction was 

equal in each case. 



41 

Statistical analysis of data in Table 6 show that there is 

no significant difference in precision of Methods 5 and 6 for deter* 

mination of total sugars in candied aucca melon. The analysis also 

shows that the rapid extraction procedure (Method 6) is more precise 

than the A.0.A»C* method for determination of invert sugars in this 

product. 

Data presented in Table 7 indicate that correlation between 

the methods is significant at the 99 percent significance level for 

determination of both total and reducing sugars. In both detemina- 

tions the mean difference of the paired values wag shown to be not 

significantly different from zeroj i.e., the accuracy of the rapid 

method -was equal to that of the official method. 

Tables 8 and 9 indicate that the procedures compared are 

equivalent in precision and accuracy when applied to analysis of 

assorted candied fruits. 

Good positive correlations between the two methods of 

extraction are further shown in Table 10. In this instance 4.0 

assorted jam samples were analyzed for total and invert sugars 

by each method and correlations were found to be significant at 

the 99 percent significance level in both cases. The average 

difference of values for total sugars as determined by the A.O.A.C, 

and rapid methods was shown in this case to be highly significant 

(significant at the 99 percent significance level). The fact 

that this mean difference of 0.24 percent is significant does not 
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imply that the rapid method is not applicable to jam analysis» since 

an error of this magnitude would not introduce any large error in 

calculation of the sucrose:invert sugar ratio, i^trthermore an 

error of 0,05 aU in titer* tifaich according to Jackson and McDonald 

(l4j pp.371-372) is possible, will produce an error of 0,2 percent 

at the final solution concentration generally used for total sugar 

determinations• 

An explanation of the higher total sugars found in the rapid 

method extract raay lie in the presence of non-sugar reducing sub- 

stances in the unclarified extract. These would give a high result 

for total sugars. Since the reducing substances possibly arise 

from hydrolysis of dextrins during boiling with citric acid to 

invert sucrose, it seems reasonable that the same error would not 

be found in the invert sugar value since boiling inversion with 

acid is not involved in preparation of an invert sugar extract* 

Tables 11 and 12 show the precision of the two methods to 

be equal when they are applied to analysis of typical berry or 

stone fruit jams. 

Application of the rapid method to analysis of fresh- 

froeen strawberries (with no added sugar) was satisfactory since| 

under the conditions of the test, no significant difference in 

accuracy or precision of the methods was noted (Tables 13 and 14)• 
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In analysis bf fresh-frozen apricots and prunes (Tables 

15*18) the rapid extraction aethod had a significantly higher 

precision than the A»0,A.C. method* The reason for this is not 

clearj however* the extremely heavy precipitates of pectins and 

dextrins encountered during clarification with neutral lead acetate 

(Method 5) Eiay have absorbed some of the sugars and thus partially 

explain the large standard deviations found in this section of the 

work. It seems that extraction with some solvent other than water*-* 

possibly alcohol—might be of more value in analysis of these fruits. 

An important advantage of Method 6, apart from the relative 

simplicity of the manipulations involved^ is its rapidity. Extrac- 

tion by Method 6 requires fifteen minutes as compared with one 

hour and thirty minutes by the conventional procedure (Method 5). 

A complete analysis for total and invert sugars may be performed 

in not more than fifty minutes by the procedure developed during 

the course of this investigation. 
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SUffiAHT AND GOKCLUSlONS 

This paper reports developaent of a modification of the 

Reifer and Melville aqueous, Waring Blendor, extraction procedure 

which was originally applied to preparation of plant tissue ex* 

tracts* The modified method was applied to analysis of candied 

fruits, jams and fresh-froaen strawberries and stone fruits. 

Total and invert sugar contents as determined by this method were 

compared with results of sugar analyses by the official A,0#A.C* 

method for fruit and fruit products. 

The rapid method developed may be described as follows* 

Place a weighed portion of well mixed sample in a Waring 

Blendor jar with 250 ml* of ice cold distilled water, 60-70 gms* 

of distilled water ice and 2*3 drops of capryl alcohol. Blend 

for two and one*half minutes. Add an additional 60-70 grams of 

ice and blend for two and one*»half minutes more. Transfer the 

macerate to a 500 ml, volumetric flask and make to volume at 20° 

C. Blend the contents of the flask with 5*6 grams of acid washed 

asbestos and filter on a coarse porosity sintered glass filter 

using suction* Take aliquots of the filtrate, dilute to contain 

110*325 mg./lOO ml. of sugars and determine invert sugars and 

total sugars, as invert, according to the Lane and Eynon volume- 

tric copper method. 
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Statistical analyses of data obtained in the analysis of 

candied fruits, jams and fresh frozen fruits show that the accuracy 

and precision of the rapid Waring Blender extraction method are 

equal to those of the official A.O«A,C. method within the limits 

necessary for application of the new procedure to quality control 

analysis of jams and candied fruits* Similarly the rapid method 

is shown to be equivalent to the A.0«A.C» method for the analysis 

of fresh-frozen strawberries. 

Hepllcate determinations by the two methods on samples of 

fr®sh*fro2sen stone fruits showed that the rapid method was equally 

accurate to* and more precise than, the A*O.A*C. method* It Is 

not considered desirable to draw any conclusions as to the applica** 

bility of the new method to analysis of stone fruits on the basis 

of data presented. Further comparison of the rapid method with 

other recognized extraction procedures for fruit analysis would 

be desirable before any such conclusions might be made. 

The rapid method has the advantage of requiring less time 

and involving fewer manipulations than the A.O.A.C. extraction 

procedure or any other commonly employed extraction method, A 

complete analysis for total and invert sugars may be made in 50 

minutes by the rapid method as compared with two and one-half 

hours required for the same operation by the A.0.A.C, method. 



46 

BIBLIOGSAPHY 

1. Association of official agricultural chemists. Methods of 
analysis* 7th ed» Washington, Association of official 
agricultural chemists, 1950* 9l0p* 

2. Atkinson, Francis Edward, et al« Itaprovements in the candy- 
ing of fruits. Food fechnology 6: 431-436. 1952. 

3. Bates, Fredrick J. et ^L. Polarimetzy, saccharimetry and 
the sugars. Rev, ed, Ifashingtonj, U. S. Government 
printing office, 19A2, 810p. (U,S,,Hational Bureau 
of Standards. Circular C 440) 

4. Bevehue, Arthur and Barbara Washauer, A study of the 
effect of clarification on the determination of reducing 
sugars in plant materials. Journal of the association 
of official agricultural chemists 33* 122-127* 1950. 

5. Davis, W, B. A substitute for the laboratory food grinder. 
Industrial and engineering chemistry, news edition 
17$ 752. 1939. 

6.    , Extraction of ascorbic acid from plant tissues. 
Industrial and engineering chemistry 34$ 217«*£L8. 1942* 

7* Doak, B, ?/. A new method for clarification of plant extracts 
for the determination of reducing sugars. New Zealand 
journal of science and technology 21$ 90 B, 1939, 

8, Griffin, E. L. Report of subcommittee A on recommendations 
of thd referees. Journal of the association of official 
agricultural chemists 36$ 48-52. 1953• 

9. Hodge, John E. and Howard A, Davis. Selected methods for 
determining reducing sugars. Peoria, Worthern regional 
research laboratory, 1952, 66p. (U. S. Dept, of agri- 
culture. Bureau of agricultural and industrial chemistry, 
AIC 333) 

10, Jackson, R. F, Report on chemical methods for reducing sugars. 
Journal of the association of official agricultural 
chemists 8$ 402-404, 1925. 



47 

11.  *   Report on chemicai methods for reducing sugar. 
journal of the association of official agricultural 
chemists 9: r7&.180. 1926» 

12. . Report on chemical methods for reducing sugar. 
Journal of the association of official agricultural 
chemists 12* 166-169. 1929. 

13* . Report on chemical methods for reducing sugar. 
Journal of the association of official agricultural 
chemists 13f   197-201. 1930. 

14. . , and Emma J* McDonald. Determination of dextrose, 
levulose, invert Sugar, and suCrose*invert mixtures by 
copper reduction using citrate-carbonate reagent. Journal 
of the association of official agricultural chemists 28t 
371-385. 1945* 

15. Leonard, R. H., R. C. Meade and R. 6. Dustman. Determination 
of sugars in apple tissue. Industrial and engineering 
chemistry^ analytical edition 15* 579^582. 1943. 

16* McDonald, Emma J* Report on chemical methods for reducing 
sugars. Journal of the association of official agricul- 
tural chemists 28* 536-540<> 1945. 

17. McRoberts, Lewis H. Report on soluble solids in fruit products. 
Journal of the association of official agricultural chemists 
15* 375*389. 1932. 

18. Morris, V. H. and F. A. Welton. The importance of clearing the 
hy&rolized solution in the determination of acid hydrolya- 
able carbohydrates in green plant tissues. Journal of 
agriculturai research 33* 195-199. 1926. 

19. Reifer, I. and J. Melville. The use of the Waring Blendor 
in the preparation of plant tissue extracts. Proceedings 
of the Xl'th international congress of pure and applied 
chemistry 3* 223-226. 1947. 

20. Roy, Wallace R. Application of the Sales method to determination 
of sugar in plant juices and tissues. Journal of the 
association of official agricultural chemists 21* 636<»645* 
1938* 



-48 

21* Sale, J, W. Interpretation of chemical analyses of preserves 
and jams. Journal of the association of official agri- 
cultural chemists 21t 502-515. 1938. 

22. Strachan, C. C, et al. Chemical coiqposition and nutritive 
value of British Columbia tree fruits. Ottawa. Depart- 
ment of agriculture, 1951. 86p. (Canada. Department 
of agriculture. Experimental farms service. Publication 
no. 862.) 

23. Sullivan, J, T. Report on carbohydrates in plants. Journal 
of the association of official agricultural chemists 
14s 225*228. 193U 

24. Williams, K. T. et al. A study of clarification methods in 
the deterainatTon of sugars in ushite potatoes. Journal 
of the association of official agricultural chemists 
32t 698-705. 1949. 

25. TJilliams, K. T. and A. Bevenue. Use of ion exchange resins 
for the removal of non«*sugar reducing substances in 
the analysis of fresh leafy plant materials for sugars. 
Journal of the association of official agricultural 
chemists 34* 817-821. 1951. 


