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Abstract. Volatile constituents were recovered from fresh hand 

squeezed unpasteurized orange juice by simultaneous distilla 

tion extraction (SDE) with methylene chloride. Ninety volatile 

constituents were detected in the extract. Of these, twenty-one 

volatiles were identified and quantified by capillary gas chro-

matography. The SDE procedure was compared with room 

temperature (RT) methylene chloride solvent extraction of the 

orange juice. The heat of distillation was found to produce 

some artifacts in the SDE juice extract. Furfural was identified 

as an artifact. Nootkatone was identified as a fresh orange 

juice constituent in the SDE samples and in the RT solvent ex 

tract. 

Several researchers utilized simultaneous distillation ex 

traction (SDE) for the recovery of volatiles. Wade etal. (1992) 

used a modified Likens-Nickerson apparatus for vacuum SDE 

and compared fresh and processed orange juices. Godefroot 

et al. (1981) developed a small volume SDE apparatus for 

heavier than water solvents. Nunez (1984) used the Gode 

froot apparatus to isolate volatile components of grapefruit 

juice. Matthews and West (1993) evaluated the Godefroot 

SDE apparatus for recovery of volatiles from pasteurized or 

ange juice. 

In this experiment we compared the volatiles recovered 

from fresh orange juice by room temperature (RT) methyl 

ene chloride solvent extraction and by SDE with methylene 

chloride using the Godefroot apparatus. Volatile compounds 

were identified by gas chromatographic retention times and/ 

or electron impact mass spectra. Compounds were quantified 

Florida Agricultural Experiment Station Series No. R-04158. 

from standard curves, Matthews and West (1992). If pure 

standards were not available quantitation was based on gas 

chromatographic response data of similar compounds. 

Materials and Methods 

Valencia oranges were obtained from the UF Citrus Re 

search and Education Center on 3/25/94 and 4/12/94 Juice 

was obtained from the fresh fruit by hand squeezing with a 

Waring mighty squeeze Model 11JC21 juicer. A minimum of 

12 oranges was juiced for a sample. Three extractions were 

made per sample and two gas chromatographic analyses per 

extract. 

Materials & Equipment. (1) Methylene chloride: Fisher 

#D150 unstabilized; (2) Microsteam distillation apparatus for 

heavier-than-water solvents, Godefroot design; Alltech Associ 

ates Inc., Deerfield, IL; (3) Internal standards; 1-heptanol, Al-

drich #H280-5; methyl anthranilate, Aldrich #23, 645-4; (4) 

Gas chromatograph: Perkin Elmer Auto System 9000, 30 

meter DB-5 column, 0.32 mm I.D., film lum, inject 2 uL, split 

ratio 1:57, Constant pressure 9.7 psig helium carrier gas, 

flame ionization detector. Temperature program: 45C for 

2min, 3.5C/min to 230C, 6C/min to 250C, hold at 250C for 

15 min. 

Simultaneous Distillation Extraction (SDE) Procedure. Proce 

dure as per Matthews and West (1993) with the following 

modifications: (1) 1-heptanol and methyl anthranilate inter 

nal standard solutions (400 ug/g each), 1 ml of each solution 

added. (2) Water bath for solvent flask maintained at 74C. Oil 

bath maintained at 130C. 

Room Temperature (RT) Solvent Extraction Procedure. Proce 

dure as per Matthews and West (1992). 

Mass Spectrometry-Gas chromatography. Hewlett Packard 

5890 Gas chromatograph interfaced to a Hewlett Packard 

5989A Mass Spectrometer operating in the electron impact 

ionization mode. Chromatographic conditions as described 

above. 
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procedure is useful for evaluating the composition of orange 

juice. 
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Abstract. The United States and the world at large are facing 

monumental problems in the future when considering the is 

sue of waste disposal. Alternatives to landfills must be found. 

In this work two waste products, pomace and vine clippings 

from muscadine grapes, are being examined as potential 

sources of animal feed. The conversion of these wastes in 

volves three stages of operation: size reduction, where the raw 

pomace (residue after grapes are crushed for juice and/or 

wine) or the grapevine clippings are reduced in particle size to 

increase available surface area; chemical pretreatment, where 

the materials under study are modified (usually in crystal 

structure) to a more suitable form for biological action; and 

bioconversion, which involves exposure of treated waste ma 

terials to cellulolytic fungi in order to increase overall digest 

ibility. The work discussed here was primarily directed at the 

chemical pretreatment step, but the other steps are also dis 

cussed. Sodium hydroxide was effective in modifying the 

structure of the grape pomace. This was shown by measuring 

crude fiber percentage (by AOAC methods) of pomace before 

and after processing. A decrease in crude fiber percentage in 

dicates an increase in available nutrients from the waste mate 

rial. Later, this modified material would go through a 

bioconversion stage. The final stage is testing the product by 

conducting feed trials on ruminants. 

Introduction 

The problems of waste disposal in the United States are 

tremendous. Landfills are being rapidly filled to capacity, and 

new landfills are an unpopular solution to waste disposal 

problems. Recycling and incineration are being attempted, 

each with its own advantages and disadvantages. New solu 

tions must be found to the problems of wastes. Some of the 

wastes being disposed of are agricultural in nature. This 

project involves one set of wastes, those from grape and wine 

production. In the United States, the grape industry pro 

duced 5.7 million tons of grapes in 1989 with an estimated 

market value of $16.6 billion in 1990 (USDA, 1991). From 

this, an estimated 2.5 million tons of pomace (which compris 

es the pulps and seeds left over after pressing grapes for juice 

and wine) were discarded at a cost of $25 million. Instead of 

disposing the pomace as wastes, it could have been converted 

into 930,000 tons of animal feed with an estimated market val 

ue of $279 million. The two materials being examined for 

conversion to animal feed in this study are muscadine grape 

pomace and grapevine clippings. 

Grape pomace has been investigated previously as a po 

tential feed for livestock (Grujic et al., 1992; Aguilera, 1987; 

Famuyiwa and Ough, 1990; Famuyiwa and Ough, 1982). Gen 

erally the digestibilities determined for various ruminants 

have been seen as approximately half that of grains. Little 

work has been performed on vine clippings as a source for an 

imal feed, and no studies have been done on muscadine pom 

ace or vine clippings. The goal of this research project is to 

achieve improvement in digestibility through chemical pre 

treatment and solid state fermentation (SSF) of the grape 

wastes, and later to develop a system that can be used on the 

farm. As muscadine grapes are common in Florida, this 

project has the potential to generate wide spread interest 

among grape growers. 

Grujic et al. (1992) reported on their attempt of SSF on 

grape pomace using Chaetomium cellulolyticum as an inoculum. 

However, their work focused on presterilized non-muscadine 

pomace. Improvements in their process can be made through 

pH control and pretreatment optimization. 

Three fundamental steps are involved in bioconversion of 

agricultural residues to livestock feed. The first step is size re 

duction. In this step, the waste materials must be processed in 

such a way as to maximize the surface area available for chem-
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