
AN ABSTRACT OF THE THESIS OF 

Joseph Forchap Fombin for the degree of  Master of Science 

in Food Science and Technology presented on December 3, 1982 

Title:  Ultrafiltration of Grape Juice:  Effects on Composition, 

Quality and Preservation  

Abstract approved:  
Dr. D. A. Heatherbell 

Ultrafiltration (UF), using Romicon pilot-scale hollow-fiber 

cartridges (Model HFXS-MK11) in the batch mode, was investigated 

as a possible procedure for clarifying, stabilizing and preserving 

White Riesling (WR) and Thompson Seedless (ThS) grape juice. The 

effect of UF processing of SO -treated or untreated juice, of pro- 

cess temperature and membrane molecular weight cut-off (MMWCO) on 

UF juice composition and quality, was determined.  "Sparkling 

clear" pale light-colored UF permeates were obtained and subjected 

to storage stability trials at different temperatures. Juice 

parameters evaluated included proteins, phenolics, polyphenol oxi- 

dase (PPO), microorganisms, browning, haze and sensory properties. 

UF at elevated temperatures of up to 50oC, compared to lower 

temperatures, had the advantage of increased rate of filtration 

with decreases in browning or haze of clarified permeates and of 

markedly reduced microbial loads.  UF of 50 -treated juices (13- 

20 ppm free) had several advantages including further reduction 

in browning, haze, and microbial load, and complete inhibition of 

PPO activity. 



More proteins (34% - 92%) than phenolics (2% - 27%) were re- 

tained by UF membranes.  However, more proteins and less phenolics 

were retained in SO.-treated than untreated juices.  Increasing 

MMWCO from 10,000 to 100,000 had no effect on the retention of 

browning, haze, or microorganisms but decreased the retention of 

proteins from 58 percent to 34 percent in SO -treated WR juice. 

A MMWCO of 50,000 or less retained essentially all PPO. 

ThS juice browned more than WR during juice preparation and 

UF processing, yet its clarified permeates were lighter.  It con- 

tained less phenolics, more proteins and more PPO activity, and 

higher percentages of its proteins and phenolics were retained by 

UF membranes. 

UF juices processed with or without low concentrations of S0n 

(13-20 ppm free) could be stored for at least one year at 10C 

without fermentation spoilage.  At 210C only the treated juices 

could be stored for this long, untreated juices fermenting within 

one week.  At 10C, there was no increase in browning, but a gradual 

increase in haze upon storage, the latter being greater in un- 

treated juices. At 210C, browning increased gradually, resulting 

in pale golden juices but haze formation was markedly less than in 

juices stored at 10C.  Similar but accelerated changes occurred 

with storage at 380C.  The above changes correlated with the dis- 

appearance of free SO . 

Although juices were preserved for up to one year, "absolute 

juice sterility" was never obtained.  Leakages around the cartridge 

gaskets, rather than failure of membranes, was believed to be 

responsible. 

Sensory analysis detected no significant differences (p = 0.05) 

in color, aroma and taste between juices processed with SO at 30oC 

and 50CC.  Juices processed without SO were not significantly 

different in color, but demonstrated small differences (p = 0.05) 

in aroma and taste.  The SO^-treated and untreated juices at both 



processing temperatures, as well as treated juices stored at 

210C and 10C for twelve months, were significantly different 

(p = 0.01) in color, aroma and taste. Although these juices 

had different flavor "characters," only small or no significant 

differences (p = 0.05) in desirability were detected. 

It is concluded that good quality clarified grape juice 

but of different flavor "character" can be produced by UF, either 

in the presence or absence of SO .  Both juice "styles" (± SO,,) 

may find preferred use, but juices processed with SO have the 

advantage of ambient storage, retaining good quality after one 

year at 210C. Recommended optimum processing conditions are 

50oC, in the presence of minimal amounts of SO^ (13-20 ppm free), 

using membrane molecular weight cut-off of 30-50,000. However, 

application of the process to "cold-sterilization" of grape juice 

requires further evaluation. 
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ULTRAFILTRATION OF GRAPE JUICE:  EFFECTS 
ON COMPOSITION, QUALITY AND PRESERVATION 

INTRODUCTION 

The grape antedates mankinds recorded history (Kendrick, 

Jr., 1980).  It is today found not only in southwestern Europe, 

but in the Mediterranean basin, Asia, Africa, Oceania, South and 

North America (Amerine et al., 1977) and it is the world's most 

harvested of fruits, over 60 million metric tons a year (Ayres et 

al., 1980). 

In the U.S., in California alone, the wine and grape industry 

contributes over two billion dollars a year to the economy (Ken- 

drick, Jr., 1980). Although wine represents the largest product 

made from grapes, grapes are also processed into several juice 

products. Clarified grape juice is produced as a product in its 

own right, and for "back-blending" into wine as a "sweet reserve." 

Polyphenoloxidase (PPO) browning, haze and sediment formation 

and microbial spoilage are the major quality problems encountered 

in the production of the juice (Ribereau-Crayon, 1977; Heatherbell, 

1976b; Hyres et al., 1980). 

Existing methods of juice clarification, including enzymic 

hydrolysis of cloud-stabilizing polysaccharides such as pectin and 

starch, addition of chemical coagulants and fining agents such as 

gelatin, silica sols and Bentonite, centrifugation and filtration, 

are reported not only to be labor, time and energy-consuming but 

to not always fully achieve their purpose (Heatherbell et al., 

1977).  The application of ultrafiltration (UF) as a new technology 

in juice processing offers the following potential advantages: 

(1) elimination of the above clarification problems, (2) energy 

savings by substituting for thermal processing or refrigeration 

storage, (3) substituting for or minimizing the use of chemical 

preservatives such as SO-, and (4) improved quality resulting from 



application of a physical process permitting "cold-sterile"pre- 

servation. 

In this study, the possible application of UF for combining 

clarification, stabilization and preservation of grape juice is 

investigated. Optimization of processing parameters for UF is 

being reported in a separate study by Garcia (1983).  The effects 

of UF on grape juice composition, quality and preservation are 

reported here. 

The main objectives of this study were: 

1. To produce clarified grape juice, as a product in its ovm right, 

by ultrafiltration (UF). 

2. To investigate possible changes in the composition of ultra- 

filtered juice (proteins, PPO, phenolics, micro-organisms) com- 

pared with the raw juice, as an index of quality. 

3. To determine the effect of processing temperature and membrane 

molecular weight cut-off (MMWCO) on juice composition and 

quality. 

A. To investigate whether UF could substitute for or reduce the 

use of S0? and/or heat and/or refrigeration in the production 

and preservation of good quality clarified grape juice. 

5. To determine the fate of S0_ during UF and storage of juice at 

different temperatures. 

6. To evaluate UF juice for chemical and microbial stability at 

different storage temperatures. 

7. To conduct sensory evaluation of UF juices. 



LITERATURE REVIEW 

Conventional Procedures for Clarifying, 
Stabilizing and Preserving Fruit Juices 

Juices can be clarified by chemical and physical procedures, or 

combinations of both.  Chemical procedures include the use of 

enzymes such as pectinases and amylases (Reed, 1975; Heatherbell 

et al., 1977) and of fining agents.  Fining agents include: 

gelatin, bentonite, tannin, isinglass, casein, egg white, blood, 

milk, potassium ferrocyanide (not used in the U.S.).  Physical 

procedures include settling and racking, centrifugation and 

filtration. 

Once clarified, it is desirable that juices are stabilized 

(remain stable) against further chemical and biological change, 

such as formation of hazes and sediments and microbial spoilage. 

Clarification is defined as the production of juice or wine suf- 

ficiently clear for consumer acceptance and which will stay clear. 

Although this may not be completely free of sediment, fermentation 

should be prevented and certain pathogenic micro-organisms sup- 

pressed or eliminated without affecting the aroma and flavor of 

the product.  Stabilization, on the other hand, is the production 

of such a product which will withstand exposure to the tempera- 

ture of household refrigerators, the hot air of retail stores, 

and the light and heat of the sun when the product is displayed 

in windows (Joslyn and Amerine, 1964). 

Juices can be microbiologically stabilized by pasteurization 

or by "cold-sterile" filtration through a membrane. Although 

pasteurization stabilizes it never sterilizes.  Extremely high 

temperatures would be required.  It assists clarification by 

coagulating certain heat coagulable colloids such as proteins. 

However, it has the disadvantage of being harmful to quality, 



especially color and flavor (Amerine et al., 1972). 

Unfortunately, none of the above procedures alone has been 

found to be sufficient to clarify and stabilize juices.  Combina- 

tions are recommended and usually used commercially in the produc- 

tion of clarified grape juice as a product in its own right and 

as a "sweet reserve." The sweet reserve is usually preserved 

with S09 and stored refrigerated. However, this is expensive 

and there still may be quality problems.  For example, Amerine 

et al. (1972) found a combination of pasteurization at approxi- 

mately 1420F (610C), then holding at 130oF (54.40C) for 24 to 48 

hours, accompanied by 100 ppm S0_, bentdnite fining, then rack- 

ing, cooling and filtering after 48 hours; or flash pasteuriza- 

tion at 160oF (710C) to 1850F (850C), cooling, refrigerating 

for several weeks, fining and filtration, "not to be desirable 

from the quality point of view." 

UF technology offers a potential advantage of a single physi- 

cal process which could adequately clarify and stabilize grape 

juice as a product in its own right and for "sweet reserve." 

The Theory of Ultrafiltration Processing 

Ultrafiltration and Reverse Osmosis 

Ultrafiltration (UF) and Reverse Osmosis (RO) are two modern 

membrane processes which are often confused. UF may be defined 

as a pressure-activated membrane separation process of mass 

transfer, a fractionation/concentration/purification, or sieving 

process which filters "colloidally dissolved substances" (as 

opposed to truly dissolved ones by RO). This can occur with no 

phase change or thermal damage (Wucherpfennig, 1978; Merson et 

al, 1980; Kortekaas, 1980).  Johnson et al. (1966) termed RO 

hyperfiltration. Whereas UF primarily operates at relatively 



low osmotic and, consequently, hydrostatic pressures RO deals 

with higher values.  Operating pressures range from 200 to 1500 

psi for RO with practical operating pressures below 600 psi com- 

pared with generally less than 100 psi for UF.  R0 filters sub- 

stances of molecular weights generally less than 500 and parti- 
-A     -3 

cles of sizes from 10  to 10  ym compared with above 500 and 
_2 

2 x 10  to 10 ym for UF (Figs. 1 and 2). RO is also basically 

a concentration technique (Beszedits and Wei, 1980) used to 

reduce water removal costs. 

Rejection of the solutes occurs at the surface of the mem- 

branes (Porter and Nelson, 1971; Michaels, 197A); whereas, in 

UF this depends principally on size and shape, it is a physical- 

chemical relationship in RO (Beszedits and Wei, 1980).' In RO the 

rejection of electrolytes increases with valency, whereas the re- 

jection of organics from aqueous solutions is semiquantitatively 

related to molecular weight, size and chemical characteristics 

of the molecule (Duvel and Helfgott, 1975).  Retention character- 

istics in UF are, however, often defined in terms of molecular 

weight cut-off. 
-2 

Pore sizes of UF membranes are uniform, vary from 2 x 10 

to 10 pm against RO membranes whose pore sizes are asymmetric 

and macroporous (10  to 10  ym) with a dense surface layer. 

Although cellulose acetate (Loeb-type, 1963) is the oldest 

and most widely used material for RO membranes, the literature 

on new material is now vast.  Poly (ether/amide) membranes on a 

polysulfone UF backing that can withstand relatively higher 

pressures, temperatures and pH values and give higher permeation 

rates with superior rejection of solutes have been described 

(Riley et al., 1976).  Others being tried include polybenzimida- 

zolone (PBIL) polymer (Teijin, Ltd., Japanese), the dual layer 

hydrous zirconium oxide-polyacrylate, polyelectrolyte (Amicon 

Copr.) and ultrathin (North Star Research and Development Insti- 

tute) membranes (Beszedit and Wei, 1980; Merson et al., 1968). 
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UF membranes generally have a high range of operating temperatures. 

All materials used for membranes must show some resistance to 

abrasive solutes and moderately corrosive solvents.  Cellulose 

acetate membranes for UF have generally been replaced with more 

resistant synthetic polymers (Michaels, 1974). UF membranes are 

manufactured by:  Dorr-Oliver, Amicon, Romicon, Nucleopore, Abcor, 

Kalle, Wafilin, DDS and Paterson Candy. Table 1 illustrates 

some of the commercially available UF membranes. 

Equipment Design and Function 

UF membranes are available in basically four configurations: 

the plate and frame, the spiral wound (or scroll), the tubular 

(membrane inside a porous tube) and the hollow fiber design where 

several hollow fibers in bundles are encased in a cylindrical 

container. 
>v~ Generally flow is in tubes or in parallel membranes.  The 

simplest flow is between parallel membranes in a single long 

channel.  The channel may be wide or narrow and several channels 

can be operating in parallel (Merson et al., 1968).  This is the 

case of the batch mode used in this study with hollow fiber mem- 

branes.  As a column of liquid (feed stream) flows through the 

channel(s) its constituent molecules are separated on the basis 

of size and shape or m.wt. While larger molecules and some ob- 

structed smaller molecules flow along in the concentration 

stream (retentate), most smaller molecules permeate the membrane(3) 

and are collected in the permeate stream (Fig. 3). 

Theory of Membrane Transport and 
Calculation of Flux 

The following equation is used for calculating the permeate 

flux, J (flow per unit area of membrane): 



Membrane 
Configuration 
of module 

Composition 
Cut-off 
minimum 
mol. wt. 

Manufacturer Remarks 

Hollow fibers Modakryl 10,000 to 50,000 Romi con Compact. Susceptible 
to plugging 

Tubular 
Cellulose acetate 
& derivative 10,000 to 22,000 

Abcor 
PCI 
Colagen Havens 

Not prone to plugging 
Preferred in food 
processing due to 
ease of cleaning 

Thin or flat 
Channel 

Polysulphonic 
Acrylic 
Copolymers 

15,000 to 18,000 
Romicon 

lopor(Oorr-Oliver) 
(DOS) 

Fairly compact. 
More economic for 
viscous solutions 

Spiral Wound 
Polysulfone 
Cellulose-acetate 600-1000 Compact. Susceptible 

to plugging 

Table 1. Some commercially available UF membranes 
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Figure 3.  Conceptual design of batch mode ultrafiltration 
with hollow fiber membrane. 
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J = k In VCR (Breslau and Kilcullen, 1977) 

where, VCR = volume concentration ratio, or the initial volume 

divided by the retentate volume at any time. 

Further discussion on the theory of membrane transport and 

the derivation of the equation for flux is in Appendix 1. 

Advantages and Disadvantages of UF 

UF is a purely physical technique, thus minimizing chemical 

and biological reactions.  It can be operated at room temperature 

and during processing there is no phase change or thermal damage 

of the product.  It uses electrical (or mechanical) energy thus 

eliminating the use of heat transfer surfaces, and can be located 

where needed, remote from the prime source or steam-generating 

plant (Merson et al.,1968). Selectivity and flexibility are high. 

It is a versatile technique already finding wide application 

(Eakin et al., 1978; Bambridge et al., 1975). UF products can all 

be recovered and utilized.  It can be used for both small and 

large-scale application. One of the most important advantages is 

the possibility of "cold sterilization" of permeates (Heatherbell 

et al., 1977; Wysocki, 1977; Katalevskii, 1979). 

Limitations could include dependence on many parameters, in- 

cluding membrane molecular weight cut-off, pressure, temperature, 

recirculation velocity, viscosity, feed concentration, flux, feed 

rate and necessary pretreatment procedures. Fouling, cleaning 

and sanitation of membranes, modules and ancillary equipment could 

also be limitations. 

Application of UF for Processing Non- 
juice Products 

Applications of UF have been in the areas of concentration. 
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purification and fractionation. 

Concentration; UF has been used for the concentration of many 

dairy products (Thompson and deMan, 1975; Horton, 1974), egg white, 

glue and gelatin. 

Purification: Applications include the recovery of soy pro- 

tein (Cheryan, 1977), starch (Oosten, 1976) and proteins from 

waste food.  It has also been used to purify blood (Ericksson 

and Von Bockolomann, 1975). 

Fractionation:  In 1978, Eakin et al. used UF to fractionate 

alfalfa proteins.  Beszedits and Wei (1980) also indicated that 

UF can be used to separate copper from chromate chromium. 

Application of UF for Clarification and Stabili- 
zation of Fruit Juice Products 

Presently UF is not being used for commercial processing of 

juice products.  Heatherbell et al. (1977), first demonstrated the 

application of UF to clarify and preserve fruit juice.  In their 

study UF was used to remove cloud stabilizing colloids, such as 

pectins and starch, producing "sparkling clear" apple juice. The 

juice processed at low temperatures and without chemical preservatives 

was bottle-stored and remained stable for some six months. Kortekaas 

(1980) and Hodgson (1981) reported similar results for pear juice. 

The Composition of Grape Juice 

The composition of grape and subsequently grape juice is in- 

fluenced by variety and several other factors, including maturity, 

soil type, root stock, climatic conditions, crop yield, season, 

location, production practices, region and post-harvest handling 

(Joslyn and Amerine, 1964; Amerine et al., 1980; Webb, 1978). 

As previous studies by Heatherbell et al. (1977) and Hodgson 

(1981) demonstrated no significant changes in pH, TA, acids, 
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sugars (i.e., in low m.wt. components) during UF of juices, these 

components will not be reviewed and were not studied. 

Only compositional components of specific interest to this 

study will be reviewed. These include, in particular, proteins, 

pectins, enzymes (polyphenoloxidase), microorganisms and phenolics, 

which can affect the quality and stability of clarified juices, 

in particular browning, haze and sediment formation and microbial 

spoilage and flavor changes. 

Proteins 

Stability problems in juice and especially wine are associ- 

ated with proteins which can denature, particularly with heat or 

cold, causing cloudiness and unsightly deposits after bottling. 

They combine with polyphenolics and inorganics to form flocculate 

material in bottled wine. According to Mark and Boneva (1952), 

colloidal material in grapes is 10 to 13 percent protein. 

Amerine et al. (1980) reported that protein content ranges 

from 10 to 200 yg/ml, and a polypeptide nitrogen content of less 

than or equal to 100 yg/ml.  Bayly and Berg (1967) reported juice 

proteins of eleven samples ranging from 20 to 260 yg/ml, with an 

average of 121 yg/ml.  Beelman (1970) reported that the protein 

content in cold- and hot-pressed concord grape juice was 92 and 

80 yg/ml, respectively. 

Grape proteins are complex (Kock and Sajak, 1959) and amino 

acids involved and peptide linkages are still unknown.  Their 

molecular weights vary from 3,000 to 150,000.  In a recent study 

conducted in this laboratory, Ngaka-Mbiakop (1981) reported that 

unstable proteins tend to be of lower MW (16,000 - 24,000) and 

higher isc-electric point (5.2 - 8.0). 
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Pectins 

The protective colloidal action of pectins results in sus- 

pended small particles which can cause cloudiness in juice or 

wine.  Conventional processing uses enzymes to assist the clari- 

fication of juices and wines. 

Pectins are generally made up of protopectin, soluble 

pectins and their hydrolysis products (pectinic and pectic acids). 

Total pectins range from 452 to 913 yg/ml for four vinifera grape 

musts (Flanzy and Loisel, 1958).  Robertson (1979) reported the 

pectin content of ripe Vitis vinifera fruit varieties to range 

from 0.02 to 0.60 percent on a fresh weight basis.  In the 

unhydrolyzed form their molecular weights may be very high. 

They are often complexed. Results on pectins are not 

reported here but will be reported in a separate study by 

Garcia (1983). 

Enzymes 

Enzymes can cause clouding, darkening (browning) and oxidized 

flavor (aroma and taste) in juice and wine. 

Several enzymes have been reported in grapes, including 

peroxidase, polyphenoloxidase (PPO) (EC.14.8»1), catalase, inver- 

tase, tanases, ascorbase, dehydratase, esterase, pectic and 

proteolytic enzymes (Webb, 1978; Amerine et al., 1980).  However, 

the most important is PPO.  It is rapidly and completely inhibited 

by SO  (Bayer et al., 1957) but has been reported to be not com- 

pletely inactivated by heating at 70oC for three minutes (Demeaux 

and Bidan, 1967).  The molecular weight (MW) of grape PPO has not 

been reported. However, the MW of some plant tissues PPO are: 

mushroom—32,400 for each monomer of a molecule of four subunits 

(Jolley et al., 1969) or 69,800 for the active molecule L9H, 
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where H (A3,000) is the heavy subunit and L (13,400) the light 

(Strothkamp et al., 1976); apple—30,000-40,000, 60,000-70,000 

and 120,000-130,000 (Harel and Mayer, 1968). 

Phenolic Substances 

Polyphenolics affect the color (natural or brovming), ap- 

pearance, taste and body of wine or juice, complex with proteins 

and inorganic ions forming haze and increase the rate of potassium 

bitartrate precipitation in juices and wines.  They also affect 

the level of detection of tartness and sweetness in juices and 

wines and may be antibacterial (Singleton and Esau, 1969). 

Phenolics generally constitute derivatives of hydroxylated 

benzoic and hydrocinnamic acids, tannins and other nonflavonoids, 

flavonoids (catechins, antocyanogens or condensed tannins), 

anthocyanins, flavonols and flavones (Singleton and Esau, 1969). 

Flavones and flavanones are generally absent in white and red 

grapes. Most phenols of juice are chlorogenic-acid-like (Single- 

ton et al., 1966). Most grape phenolics in a gross sense are an- 

thocyanogenic tannins, 80 percent being in the seeds and 20 per- 

cent in the skins.  On the average about 200 mg/kg phenolic 

cinnamic acid derivatives are found in the juice, most of the 

others in small amounts in the skins.  Grape pigments are normal- 

ly phenolics and only trace amounts of chlorophyll, carotene, and 

xanthophyll, are found (Amerine et al., 1980). 

Polymers of catechin are reported to range in MW from 500 

to 3,000. Total ethyl acetate soluble phenolics average 370 to 

550 in MW (Durmishize, 1955).  Goldstein and Swain (1963) reported 

MWs of 2,000-5,000 and even 50,000, whereas Ribereau-Gayon and 

Stone Street (1966a,b) reported 600 to 2,300. A condensed tannin 

from V. rotundifolia leaves of MW 17,000-20,000 has been isolated 

(Singleton and Esau, 1969). 
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In general phenolics which are concerned with quality loss 

resulting from browning and haze and sediment formation, are 

polymerized complexes which would be expected to be retained 

by most UF membranes. 

The structure of some important phenolics found in grapes 

are found in the appendix (Fig. 9). 

Microorganisms 

Microbial instability problems in juices include:  alcoholic 

fermentation, production of off-flavors, mycotoxins (e.g., patu- 

lia), "mousy" appearance, silky cloudiness, and sedimentation. 

The microbial load of grapes, musts and wine includes molds, 

yeasts and bacteria.  Some of the most commonly encountered 

molds are: Penicillium, Aspergillus, Botrytis, Oidium (powdery 

mildew), Plasmopara (downy mildew), Alternaria, Dematium, Mucor 

and Rhizopus. The predominant yeasts found in grapes and wines 

under almost all conditions are Saccharomyces cerevisiae and 

Kloeckera apiculata (Amerine et al., 1980).  Candida, Torulopsis, 

Hansenula and others may also be found.  The most troublesome 

bacteria in wine and juices are acetic and lactic acid bacteria— 

Acetobacter, Lactobaccilli, Leuconostoc and Pediococcus.  Be- 

cause of the absence of sugar, anaerobic conditions and the pre- 

sence of ethanol, the bacteria make-up of wine is very different 

from that of juice.  For instance, Scott et al. (1977) reported 

patulin in juice from IP. expansium infected grapes but not in the 

wine.  Besides the inherent microbial load external sources of 

contamination include contaminated equipment, pipelines, con- 

tainer surfaces or crevies, foam, or air (Ayres et al., 1980). 

Ayres et al. also report the microbial load of concord grapes 

to be between 1,200 and 60,000 cfu/ml. 

Since yeasts and molds range from 4 to 20 ym, bacteria and 
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spores from 0.5 to 5 ym, and the pore sizes of the ultrafiltra- 
-3 

tion membranes used are about 6.6 x 10  ym (Heatherbell et al., 

1977), theoretically all micro-organisms would be expected to be 

retained by the membranes. 
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MATERIALS AND METHODS 

Source of Grapes and Preparation of Juice 

The grapes used in this study came from Oregon, Washington and 

Chile. Two main varieties were involved: White Riesling and Thomp- 

son Seedless.  Grape lots were: White Riesling (OSU lot 81-10), a 

75% White Riesling-25% Sylvander (OSU lot 82-03), from the Southern 

Oregon Experiment Station in Medford, White Riesling (OSU lot 81-14) 

from the Lewis Brown Horticulture Farm in Corvallis), White Riesling 

(OSU lot 81-03) from Washington State and Thompson Seedless (OSU lot 

82-01) from Chile. 

Grapes were processed into juice at the Oregon State University 

(OSU) Winery, except for White Riesling lot 81-03 which was process- 

ed at the Sokol Blosser Winery in Washington.  Before processing, 

the grapes were routinely analyzed for their sugar content, pH and 

titratable acidity (TA). The range of the values for White Riesl- 

ing was as follows:  Sugar Content 17.1-19.7° Brix, pH 2.98-3.20, 

TA 0.87-1.22 g/100  ml.  For Thompson Seedless they were sugar content 

21.56 Brix, pH 3.69, TA 0.32 g/100  ml.  Grapes were crushed with a 

Garolla Crusher-stemmer and pressed with a Willmes Bladder press (Capa- 

city 60 liter) at 5 bars (5.1 x 10 kg/m ) maximum pressure.  When re- 

quired approximately 50 ppm (mg/1) SO. was added to the crushed grapes. 

The pressed juice was left to settle for 2A hours (overnight), then 

racked and filtered through cheese cloth.  After adjusting the free 

S09 to 20-30 ppm (for the treated juice only) juice was either used 

immediately for ultrafiltration or stored frozen in glass jugs at 

180F (-7.80C). When required, juice was thawed at room temperature 

and the free SO- adjusted accordingly. 

Ultrafiltration (UF) and Sampling 

A Romicon (Romicon Inc., 100 Commings pk., Woburn MA 08101, 
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U.S.A.) pilot-scale hollow fiber ultrafliter (Model HFXS-MK11) us- 
2 

ing PM-10, 30, 50 and 100 cartridges (membrane area 0.1 m ) with 

nominal membrane molecular weight cut-offs of 10,000, 30,000, 

50,000 and 100,000 respectively was used. 

The ultrafilter was operated in the batch ("concentration") 

mode (Fig. A). For each experiment, 2-3 gallons of settled juice 

was filtered through cheese cloth into the feed tank and heated to 

the desired temperature in a steam kettle.  At the commencement of 

each operation the permeate was recirculated into the feed tank for 

10 minutes to attain steady state.  Following this the permeate 

exit pipe was diverted aseptically into a collection vessel and the 

permeate collected from volume concentration ratio (VCR) 1 to the 

final and desired VCR.  Process temperatures of 20°, 30°, 40° and 

50oC were controlled to ±20C. 

Cartridges were conditioned as follows:  flushed with (1) tap 

water for 5 minutes, (2) 0.5% phosphoric acid solution for 30 min- 

utes, (3) tap water for 5 minutes, (4) 1% NaOH solution for 30 

minutes, (5) tap water for 5 minutes, (6) 200 ppm Sodium hypochlorite 

solution for 30 minutes, then (7) tap water for 5 minutes. Through- 

out conditioning, the cartridge permeate ports were open, all 

solutions were at 50°C, the inlet and outlet pressures were 20 or 

25 and 10 psi, respectively, and the permeate and concentration 

streams were directed back to the supply tank.  Conditioning was 

repeated until the soft water cartridge flux was approximately 

250 gsfd (425 l/m2/hr). 

Cartridges were cleaned and sanitized as follows:  Flushed 

with (1) terg-a-zyme (Alconox Inc.) detergent solution (7.5 g/41) 

for 15 minutes, (2) tap water for at least 15 minutes, (3) Bleach 

Solution (Master-x bleach. Master Chem. Co) (15 mls/41) for 15 min- 

utes, then (4) tap water for at least 15 minutes. Operating con- 

ditions were the same as described for conditioning cartridges. 

After each experiment the cartridges were stored (immersed) in 

20% ethanol solution. 
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CONCENTRATION        STREAM 
(RETENTATE ) 

P0 ) OUTLET      PRESSURE 

PERMEATE 

1^^      V   STREAM 

INLET     PRESSURE 

INITIAL    JUICE 

FEED     TANK 
COLLECTION    VESSEL 

Figure A.  Ultrafiltration in batch mode. 
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Every precaution was taken to sample as aseptic 

as possible.  The permeate exit pipe was swabbed with or soaked in 

1% S0„ solution before insertion into the collection jug and cover- 

ed down to the mouth of the jug with aluminum foil to avoid air 

borne contamination. The collection glass jug and all bottles for 

collecting the permeate for storage, sensory or microbial analysis, 

as well as all autoclavable ancillary equipment, were previously 

wrapped or sealed with aluminum foil and sterilized by autoclaving 

at 2120F (121°C) for 22 minutes. This was done not more than 6 

hours before processing.  Bottling equipment and caps were swabbed 

with or soaked in 1% SO2 solution.  Initial samples of the juice 

were taken out of the feed tank after heating (just before UF) 

whereas the permeate and retentate juice samples were taken re- 

spectively from the collection vessel and the feed tank after UF. 

For storage trials, juice was aseptically bottled using 300 ml 

bottles and crown caps leaving one-eighth inch headspace.  Samples 

were also frozen at -10oC for future analysis. 

Methods of Analysis 

The recommended procedures of Amerine and Dugh (1980) were 

used for the determination of titratable acidity (TA), Sugar Content 

("Brix, refractive index), total and free SO- (Ripper procedure), 

and total phenols (the reduced-volume improved assay procedure of 

Singleton and Rossi (1965)). 

£H 

The pH was measured with a Corning pH meter (Model 125) at 

20-24oC. 
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Clarity 

The Hunter Color Difference Meter (Model D25 P-2, Hunter Assoc. 

Lab. Inc.) was used to measure haze. Measurements were made in the 

trasmittance mode using a 1 cm glass cell and calculations made 

using the following equation: 

„ „     CIE Yi (Light Source not pivoted)  100 
/. Haze = CIE Y2 (Light Source pivoted)    

X 1 

where, CIE Y, = Amount of light transmitted through grape 
juice that is diffused (scattered). 

CIE Y2 * Total light transmitted through grape 
juice (diffused and specular). 

Color (browning) 

Browning was measured at A20 nm with a Baush and Lomb Spectron- 

ic 20 or Perkin-Elmer Spectronic 550. 

Microbial Analysis 

Two culture media used were:  (1) Acidified Potato Dextrose 

Agar (PDA) and (2) Tryptone Glucose Extract Agar (PCA), the former 

for yeasts and molds only and the latter for a total count of 

yeasts, molds and bacteria. The making of culture media and count- 

ing were according to the Compendium of Methods for Microbiological 

Examination of Foods (Speck (Ed.), 1976). 

The U.S. Butterfield phosphate buffer solution was used for the 

blank and all plating (in duplicates) was as follows:  1 ml of un- 

diluted (10°) permeate and 0.1 ml of (10°, lO"1, 10""2) initial and 

retentate juices were plated. 

Special precautions included autoclaving blanks, reagents and 

glassware at 2120F (1210C) for 22 minutes. All controls, dilution 

blanks and 0.45 ym millipore filtered samples were plated and counts 
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for ultrafiltered tap water taken. An E- Coli inoculum, E. Coli of 

size 1.1-1.5 by 2.0-6.0 ym (Buchanan et al., 1974), was used to 

test membrane retention of microorganisms. The E.G. broth was used' 

and samples incubated at 44.5 ±0.2oC for one day. 

Polyphenol Oxidase 

The Yellow Springs Instrument (YSI) Model 53 Biological Oxygen 

Monitor equipped with a dark type electrode was used for the pol- 

arographic measurements. The reaction chamber was maintained at 

25°C by a Lauda k2/2 constant temperature circulator, and it was 

calibrated for oxygen (using saturated distilled water) from 0 to 

100%. A discussion on the selection, principle and advantages of 

this procedure is included in the appendix. 

Grape juice (0.1 ml of undiluted permeate, or appropriately 

diluted initial, or retentate juice) was introduced into the reac- 

tion chamber already containing 2.8 ml of 0.1 M Citrate-0.2 M phos- 

phate buffer pH 5.5. After temperature equilibration for at least 

3 minutes, 0.1 ml of 0.5 M Catechol in 0.1 M citrate-0.2 M phosphate 

buffer pH 3.5, was applied through the plunger's access slot with 

a long-needle-syringe. Activity was followed for up to 4 minutes, 

the linear portion of the reaction curve being used to measure in- 

itial rates of oxygen consumption. 

Juice samples used as controls either contained 20-30 ppm free 

S0« or were boiled for 2 minutes.  To check the interference of S0„ 

a 30 ppm S0„ solution was used.  The optimum conditions of pH 5.5 

and temperature 250C, were used as discussed by Wisseman and Lee 

(1981). 

Enzyme activity was expressed as nmoles of oxygen consumed per 

minute per ml of juice and determined by the equation: 

A *• •.   7.74 x at 250C Enzyme Activity =   
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where, x = % saturation lost/minute 

y = ml of sample used. 

Total Proteins 

The Bradford (1976) (Bio-Rad, 1981) macro-(standard) and micro- 

assay procedures were used. A discussion of the selection, princi- 

ple and advantages of these procedures is in the Appendix. An in- 

vestigation of the possible interference of phenolics is included. 

For the preparation of the macro-calibration curve, 0, 20, 40, 

60, 80, 100 ml of a 1000 yg/ml solution of egg albumin were pipetted 

into 100 ml volumetric flasks and the flasks diluted to volume with 

distilled water.  The corresponding concentrations were 0, 200, 400, 

600, 800, 1000 yg/ml respectively.  From the same standard solution 

0, 0.25, 0.75, 1.25, 1.75, 2.00 and 2.50 ml were pipetted into 

100 ml volumetric flasks.  The flasks were diluted to volume to give 

concentrations of 0, 2.5, 7.5, 12.5, 17.5, 20.0 and 25.0 yg/ml re- 

spectively for the micro-calibration curve. 

For the macro assay 0.1 ml of blank (distilled water), stand- 

ard or sample were dispensed into clean, dry test tubes with a mi- 

cropipette.  Five ml of dilute filtered Bio-Rad reagent were added, 

then after shaking on a bench top mixer (avoiding foam formation) 

the test tubes were allowed to stand for at least 15 minutes. The 

colored blank, standards and samples were read at 595 nm in 1 cm 

pathlength cuvettes against distilled water before an hour on a 

B and L spectronic 20 or the Perkin-Elmer spectronic 550.  The pro- 

cedure for the microassay was similar except that 0.8 ml of dis- 

tilled water, standards, or appropriately diluted samples were 

mixed with 0.2 ml of undiluted Bio-Rad reagent and absorbance de- 

termined in 1 cm pathlength 1 ml microcuvettes. 

Protein concentrations of the samples were determined from 

standard curves.  To determine the possible interference of 
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phenolics, increasing concentrations of gallic acid were added to 

standard protein solutions. 

Sensory Analysis 

Scalar reference-difference tests were used to evaluate color, 

aroma, and taste, scored from one (same as reference) to nine (ex- 

tremely different from reference) whereas a hedonic scale of from 

nine (like extremely) to one (dislike extremely) was used for over- 

all desirability. Refer to example score card. Figure 5. The data 

was analyzed by multiple comparisons (using a two-way analysis of 

variance) based on treatment least significant differences (LSD) 

at the 1 and 5% levels. 

Two categories of juices were evaluated:  (1) UF juice which 

had been stored for 12 months at 1*0 and 210C, and (2) UF juices 

processed at 30oC and 50oC with or without SC^.  Two 300 ml bottles 

of each sample of juice (three for the reference) were used for each 

trial.  Fifteen ml serving portions, measured into 8 oz wine 

glasses, coded with three digit random numbers, were served on 

trays to judges sitting in individual booths.  One coded sample, 

one coded reference and one uncoded reference (stored at 210C) were 

served for the storage trial, and three coded samples, one coded 

reference and one uncoded reference (processed at 50CC without S0_) 

were served for the process temperature trial.  Replicate samples 

were served at room temperature. 

The 14 judges who scored the coded samples in direct relation 

to the uncoded reference ("Ref.") sample were mainly members of a 

beer panel at the F.S.T. Department and a few faculty members ex- 

perienced in reference-difference methodology. 
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Dept. of Food Science & Technology 
Oregon State University 

Product:  GRAPE JUICE Name 

The side cup contains a reference "Ref" sample. Please score the 

degree of difference between the coded samples and the "Ref" sam- 

ple then score how well you like the coded samples. Thank you. 

REFERENCE-DIFFERENCE 

Same as "Ref" 

Very slight 
difference 

Slightly 
different 

Slight to 
moderate 

Moderate 

Moderate to 
strong 

Strong to 
extreme 

Extremely 
different 

COLOR AROMA TASTE 

Which sample did you prefer? 

WHY?  (Comment freely). 

Like 
extremely 

Like very 
much 

Like 
moderately 

Like 
slightly 

Neither 

Dislike 
moderately 

Dislike 
very much 

Dislike 
extremely 

OVER-ALL 
DESIRABILITY 

Figure 5.  Sample score card used in sensory analysis. 
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RESULTS AND DISCUSSION 

This study was mainly concerned with the influence of process 

temperature, membrane molecular weight cut-off ("pore-size") and of 

S0? on UF juice composition and quality.  In addition, UF juice 

was evaluated for sensory quality and storage stability.  Compon- 

ents and attributes investigated were proteins, phenolics, browning, 

haze, polyphenol oxidase (PPO) and microorganisms.  The possibility 

of phenolics interfering with the protein assay was investigated and 

found not to be a problem for the concentration of phenolics present 

in juices analyzed (ref. Appendix III). The standard operating 

conditions for UF of grape juice were determined by my project part- 

ner (Garcia, Zeferino) in a parallel study and will be discussed 

elsewhere.  In addition to investigating optimum processing condi- 

tions for flux, Garcia's study will report the influence of pressure, 

pretreatment procedures and VCR on UF and determine sugar content, 

pH and titratable acidity (TA), viscosity and pectins. Most studies 

were performed with White Riesling (WR), however, in some instances 

Thompson Seedless (ThS) was also used. 

For convenience, results will be discussed under the following 

three sections:  analysis immediately following UF (within 24 hours), 

analysis during storage, and sensory analysis. 

Analysis Immediately Following UF 

Effect of Process Temperature on the 
Composition and Quality of UF Grape 
Juice 

For initial studies a PM-50 cartridge with membrane molecular 

weight cut-off 50,000 was used to investigate processing at four 

different temperatures:  20, 30, 40 and 50oC. The results of these 

analyses led to a reduction of the temperatures studied to 30 and 
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50CC and the replacement of the PM-50 membrane with the PM-30 be- 

cause of the PPO activity detected in the permeate of the PM-50. 

Browning and haze: Membranes retained more browning as well 

as more haze at the higher (40oC and 50oC) than the lower (20oC and 

30oC) processing temperatures (Tables 2 and 3).  For example, with 

WR 89 percent haze was retained by the membrane at 50oC (VCR = 2) 

compared with 77 percent at 30oC (VCR = 2) and, with ThS 88 percent 

at 50oC (VCR =3.9) versus 85 percent at 30oC (VCR = 2.2). With WR 

more browning was retained at 50oC than at 30oC (87% versus 84%) 

for the same VCR. Although for ThS the same retention in browning 

was obtained at 50oC as at 30oC, the retentate at 50oC showed more 

retention than that at 30oC. Also the VCR at 50oC was higher than 

at 30oC (3.9 versus 2.2) (Table 3). As preliminary trials showed 

that browning in the permeate increases with VCR and Hodgson (1981) 

reported a similar effect, less browning would have been expected 

to be retained at 30oC than at 50oC if the same VCR had been used. 

Hodgson did not find a difference in browning of pear juice 

ultrafiltrate processed at 15°, 30° and 50oC, whereas Heatherbell 

et al. (1977) found less browning at the lower temperature (20oC) 

than the higher (50oC) for apple juice. The conflicting findings 

for this study can be explained as follows: higher temperatures 

favor non-enzymic browning which may result in increased polymeri- 

zation and increased membrane retention of brown complexes.  These 

polymers (also associated with proteins and pectins) may also in- 

fluence haze (Heatherbell, 1976).  This may account for why more 

haze is also retained at higher temperatures. 

The initial ThS juice was browner than WR even with the use of 

higher free S09 (20 versus 15 ppm). Yet its permeate was less 

colored (pale "whitish-amber") than that of WR (Tables 2 and 3). 

The less amber nature was due to the higher retention of browning 

(95% (VCR =2.2) versus 84 % (VCR =2.0) at 30oC). This could also 

be due to the higher PPO activity noted for ThS and its lesser 
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Table 2. Effect of process temperature on browning and Hunter haze 
in ultrafiltered Riesling grape juice3. 

Sample 
BROWNING   (A420)  HAZE  {%) 

20oC       306C 40oC       50oC 20oC 30oC       40oC       50oC 

^uice1         0-50       0-58 0*57       0-62 58-9 61-8       62-7       68,3 

Permeate       0.07       0.09 0.08       0.08 10.3 14.4       12.1         7.4 

Retentate     1.00       1.20 1.05       1.50 84.5 88.0       88.2       98.1 

Membrane 
Retention       86           84 86           87           88 77 81            89 

aWhite Riesling juice (pH 2.98) containing 15 ppm free SO-, filtered 
through PH-50 membrane: Pi=25 psi, Po=20 psi, VCR=2.0 

Initial Juice- Permeate x    100 
Initial Juice 



Table 3. Effect of process temperature on browning and Hunter haze 
in ultrafiltered Thompson seedless grape juice3. 
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Sample 30oC 

BROWNING(A420) 

50oC 

HAZE (S) 

30oC 50oC 

SDC SO SO SO 

Initial 
Juice 1.24   0.045  1.03   0.255  63.60  0.00   57.65  2.90 

Permeate  0.057   0.013  0.052  0.003   9.85  0.35   6.85  0.05 

Retentate  1.66  0.155  2.13   0.084  78.00  0.92  85.90  4.00 

Membrane 
Retention  95.4   0.40   95.0   1.57   84.5   0.56   88.0   0.23 
(50d 

Juice (pH 3.68) containing 20 ppm free SO-, filtered through PM-30 
membrane: Pi=25 psi, Po«20 psi, VCR 30oC':= 2.17, VCR 50oC = 3.93. 
DMean (n = 2) 

Standard deviation 

Initial Juice - Permeate    x    TOO 
Initial Juice 
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total phenolic content. The qualitative phenolic composition of 

the two grape varieties are also different and this may be a con- 

tributing factor. 

Proteins and Phenolics: More proteins (92% versus 88%) and more 

phenolics (27% versus 26%) were retained by membranes at 30oC (VCR = 

2.2) than at 50oC (VCR = 3.9) (Table 4). Hodgson (1981) reported 

a decrease in retention of phenolics with increasing VCR at 50oC. 

Heatherbell et al. (1977) reported a higher retention at 20oC (67%) 

for a lower VCR (2.2) than at 50oC (40%) for a higher VCR (11.9). 

If increasing VCR is influencing retention, less phenolics might be 

expected to be retained at 30° than at 50oC for the same VCR.  How- 

ever, more retention of phenolics at lower temperatures may be ex- 

plained thus: proteins and phenolics associate by different bonding, 

including hydrogen bonding.  At higher temperatures some of these 

bonds may be broken releasing smaller units which are less subject 

to retention.  Singleton and Rossi (1965) attributed formation of 

precipitates with the Folin-Ciocalten Reagent at higher temperatures 

(> 100oC) to thermal rupturing of hydrogen bonds. Membrane clogging 

and adsorption of phenolics by the membrane which Heatherbell et al. 

(1977) held partly responsible for the retention of phenolics may 

be more favored at lower than at higher temperatures because of low 

flux.  The retention of brown polymers by the membrane was noticed 

during processing as the membranes turned brown. However, more oxi- 

dative polymerization of phenolics occurs at higher temperatures and 

could cause more retention of phenolics and counter-balance the 

difference due to more clogging, adsorption and protein-phenolic 

association at lower temperatures. This may be why the difference 

shown above is very small, and it would be difficult to predict an 

expected relationship. 

PPO: An increase in processing temperature from 30°to 50oC 

reduced PPO activity in the retentate by 28 percent (Table 13).  PPO 

activity in permeates is further discussed below. 



Table 4. Effect of process temperature on the concentration of 
proteins and phenolics in ultrafiltered Thompson 
seedless grape juice3. 
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Sample 

PR0TEINSL 

30oC 50°C 

PHENOLICS" 

30oC SCC 

SDC SD SD SD 

Initial 
Juice 120 0.0 160 0.0 337 0.0 330 0.7 

Permeate 10   0.0 20 0.0   246   12.7 245 6.4 

Retentate  150   14.1   190   14.1   316   3.5   385   48.1 

Membrane 
Retention  91.7   0.0   87.5   0.0   27.0   3.8   25.8   1.8 

Juice (pH 3.68) containing 20 ppm free SO,, filtered through PM- 
membrane: Pi=25 psi, Po=20 psi, VCR 30°^= 2.17, VCR 50oC = 3.9 
b,cug/ml juice 

30 
93. 

aMean (n = 2) 
eStandard deviation 

Initial Juice - Permeate x KW 
Initial Juice        1 
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As a processing temperature of 50oC offered the advantage of a 

higher flux rate (Garcia, 1983) and reduced browning, haze and 

particularly microbial "loads" (ref. below), this temperature was 

chosen for all other studies. 

The Effect of Membrane Molecular Weight Cut-off 
on the Composition and Quality of UF Grape Juice 

There is limited information available concerning the effect 

of membrane molecular weight cut-off (MMWCO) on juice composition and 

quality.  The effect of four different cartridges: PM-10, PM-30, 

PM-50 and PM-100, with MMWCO of 10,000, 30,000, 50,000 and 100,000, 

respectively, on UF juice composition and quality was investigated. 

Browning and haze: With the exception of higher retention (91%) 

by PM-50, browning was equally retained (85 ± 0.5%) by all the mem- 

branes (Table 5).  The exception can be attributed to the double- 

heating of the initial juice before ultrafiltration for PM-50.  It 

is, therefore, concluded that most brown polymers are of higher 

molecular weight than 100,000 and 15 percent or less are of molecular 

weights less than 10,000.  The haze was generally reduced by the same 

order as the browning (Table 2, 3 and 6).  This similarly equal re- 

tention in haze and browning is further evidence that brown polymers 

contribute to haze and are of molecular weights largely above 100,000. 

It should be mentioned that the clarified permeates were light- 

colored (whitish to pale yellow-golden) and that the hunter haze 

readings of 6-9 percent corresponded to visibly clear juices. 

Proteins: The retention of proteins, as expected, decreased 

with increase in MMWCO (Table 7).  It was much less than the reten- 

tion of haze which indicates that substances other than proteins 

alone contribute to haze. 

Phenolics: The retention of phenolics by membranes was general- 

ly less than 10 percent with the exception of the aforementioned 
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Table 5.     Effect of membrane molecular weight cut-off (pore size) 
on browning in ultrafiltered Riesling grape juice3. 

Sample PMIO 
-c             A 
x          SDd 

BROWNING  (A420) 

PM30                       PM50b 

x               SD         x               SO 

PM100 

X SD 

Initial 
Juice 0.448    .0.007 0.494     0.055 0.615      0.070 0.522 0.015 

Permeate       0.065      0.007      0.072     0.012      0.057      0.006      0.080      0.004 

Retentate     5.145     0.024     6.305     1.017     8.120     0.223     6.780     0.042 

Membrane 
Retention       85.5        0.51        85.4        1.20       90.7       0.05       84.6       0.60 

(%)e  
aWhite Riesling juice (pH 3.11) containing 25 ppm free SO., filtered 
through PMIO, PM30, PM50, PM100 membranes:    Pi=25 psi, P6=20 psi, 
processed at 506C, VCR = 12. 

The initial juice was heated, and reheated to 50oC before processing. 

Mean (n ■ 4) 

Standard deviation 
eInitial Juice - Permeate x TOO 

Initial Juice 



Table 6. Effect of membrane molecular weight cut-off on Hunter 
haze in ultrafiltered Riesling grape juice3. 
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Sample JEM1C 
SDU 

HUNTER HAZE (%) 

PH30 PM5Q 

JE_ SD 
P^IPP 

SD 

Initial 
Juice 38.9       1.05        45.1        5.25        42.6       2.35       46.5        1.82 

Permeate 6.3       0.68 7.1       0.68 6.4       0.19 8.5        1.58 

Retentate    100.7       0.12     100.4       0.16      101.6       0.55       98.2       3.16 

Membrane 
Retention      83.7        2.17        84.2        3.21        84.9        0.59       81.8       2.91 

(%)e 

"white Riesling juice (pH 3.11) containing 25 ppm free SO,, filtered 
through PM10, PM30, PM50, PM100 membranes:    Pi=25 psi, P6=20 psi 
processed at 50oC, VCR = 12. 

The initial juice was heated and reheated to 50oC before processing. 

Stean (n = 4) 
dc Standard deviation 
initial Juice • Permeate    x    100 

Initial Juice 1 
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Table 7.    Effect of membrane molecular weight cut-off (pore size) 
on the concentration of proteins in ultrafiltered 
Riesling grape juice3. 

PROTEINS    (pg/ml) 

Sample PMIO PM30 PM50b PM100 
c ■,d 

Initial 
Juice 

x SET x SD x    SD x SD_ 

85.4   20.2   82.8   19.6   82.4   16.4   79.1   13.9 

Permeate   35.9   5.4   38.0   10.8  47.2   8.7   52.6   19.7 

Retentate   379   88.3   376  67.1   381   73.8   357  59.8 

Membrane 
Retention 

(%)e      58   1.8    54   7.6    43   6.6    34   2.6 

aWhite Riesling juice (pH 3.11) containing 25 ppm free SO,, filtered 
through PMIO, PM30, PM50, PM100 membranes:    Pi=25 psi, P6=20 psi, 
processed at 50oC, VCR « 12. 
The initial juice was heated, and reheated to 50oC before processing. 

cMean (n = 5) 

Standard deviation 
eInitial Juice - Permeate    x    100 

Initial Juice 
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doubly heated juice. The percentage retention was random and had 

no correlation with MMWCO (Table 8). Randomness may be explained 

by the clogging effect mentioned earlier. These results were for 

frozen WR juice but it should be noted that for fresh ThS a maxi- 

mum of 27 percent retention of phenolics was obtained compared to 

92 percent for proteins. 

There were more proteins but less phenolics in the initial 

ThS juice than the WR juice (Tables 4, 7 and 8). The less pheno- 

lics for ThS is due to their seedless nature.  More proteins, as 

well as more phenolics, were retained for ThS than WR which implies 

that both the phenolics and proteins of ThS are of higher molecular 

weight than those of WR. 

Hodgson (1981), working with pear juice and PM-10, PM-30 and 

PM-50 found no difference in the retention of haze and browning as 

well as of higher molecular weight phenolics and pectic substances. 

The equal retention of haze and browning, and the random retention 

of phenolics found in this study are in close agreement with her 

results.  Pectic substances will be reported elsewhere (Garcia, 

1983).  In these studies the VCR ranged from 2 to 12, whereas 

Hodgson worked with a much smaller VCR (1.14). Any significant 

differences may be explained by this. 

The Retention of SO2 and Its Effect on the 
Composition and Quality of UF Grape Juice 

The retention of S0_ at different processing temperatures (20, 

30, 40 and 50oC), the effect of MMWCO on SO during processing 

(PM-10, PM-30, PM-50 and PM-100) and the effect of the presence 

and absence of SO on juice composition and quality were investi- 

gated. 

Retention of SO^,: More S0„ was recovered in the permeate at 

lower processing temperatures (20 and 30oC) than at higher (40 and 

50oC) (Tables 9 and 10).  The same effect was observed for WR as 
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Table 8.   Effect of membrane molecular weight cut-off (pore size) 
on the concentration of phenolics in ultrafiltered 
Riesling grape juicea. 

PHENOLICS    (uq/ml) 

Sample                 PMIO                       PM30                      PM50b                    PM100 

 xc SDd x' SD x SD x SD 

Initial 
Juice 425 55.6        393 25.0       411 14.5        393 34.7 

Permeate       410 57.2       356 23.7       358 17.2       372 33.3 

Retentate     486 27.2        486 41.9       492 15.8       502 30.2 

Membrane 
Retention        3.5         2.4         9.4         2.9        12.9          1.6       5.3           0.2 

(%)e  
aWhite Rieslino juice (pH 3.11) containing 25 ppm free SO,, filtered 
through PMIO, PM30, PM50, PM100 membranes:    Pi=25 psi, PO=20 psi, 
processed at 50oC, VCR = 12. 

The initial juice was heated, and reheated to 50oC before processing. 
cMean (n = 3) 

Standard deviation 
eInitia1 Juice - Permeate    x    100 

Initial Jui ce 
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Table 9.   Effect of process temperature on the retention of SO- 
during ultrafiltration of Riesling grape juice3. 

SULFUR DIOXIDE  (PPM) 

Sample 20°C SO'C 40°C 50°C 

 FbBcTc'F       B    .   T       F        B       T       F       B       T 

Initial 13     25      38     15     23     38     15     23     38     13     25     38 
Juice 

Permeate       11      20     31      13     18     31      11      17     28       8     15     23 

Retentate     11      22     23     13     20     33       8     20     28       8     12     20 

Permeate 
Retention     85     80     82     87     78     82     73     74     74     62     60     61 

(%)e  
aWhite Riesling juice (pK 2.98) containing 13-15 ppm free SO2 filtered 
through PM-50 membrane:    Pi=25 psi, Po=20 psi, VCR =2. 

bFree S02 
cBound S02 
dTota1 S02 
ePernieate x 100 

Initial  juic e 
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Table 10. Effect of process temperature on the retention of SO, in 
ultrafiltered Thompson seedless grape juice*. 

Sample 30° C 
SULFUR DIOXIDE  (PPM) 

sec 
Fb Bc Td F B T 

Initial 
Juice 20 21 41 20 18 38 

Permeate 19 18 37 15 16 32 

Retentate 19 18 37 17 13 31 

Permeate 
Retention 

(%)e 
95 86 90 75 89 84 

Juice (pH 3.68) containing 
membrane:    Pi=25 psi, Po=20 
VCR 50oC=3.93. 

20 ppm free SO,, filtered through PM-30 
psi, processes at 30 and 50oC, VCR 30,,C=2.17, 

bFree S02 
cBound SO- 
dTotal S02 
ePermeate _   x 100 

Initial juice 
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for ThS, being most pronounced for the free S0„. Amerine and Ough 

(1980) reported that temperature shifts the SO equilibrium in a 

complex fashion and SO is lost in the form of gaseous S0„ at higher 

temperatures.  In further support of these findings Beuchsenstein 

and Ough (1978) reported that an increase in temperature causes 

greater dissociation of bound SO-. 

MMWCO: As expected, membrane molecular weight cut-off had no 

effect on the retention of SO- (Table 11). 

Proteins: More proteins were retained in the presence of SO,, 

(88% (VCR = 3.9)) than in its absence (71% (VCR = 2.9)) when using a 

PM-30 membrane at 50oC (Table 12).  It should be recalled that more 

proteins were retained at a lower VCR than a higher VCR when pro- 

cessing in the presence of SO  (Table 4).  Therefore, the influence 

of VCR on the retention of proteins may be different depending on 

whether SO is present or not. 

Phenolics: Less phenolics (26% (VCR = 3.9), compared with 31% 

(VCR = 2.9)) were retained in the presence than in the absence of 

S0„, the opposite of the case for proteins (Table 12). A possible 

explanation is that in the absence of S0„ there is more polymeriza- 

tion of phenolics (more browning), hence, more retention of phenolics. 

In the presence of S09 phenolics are less involved in browning, 

however phenolics are known to associate with proteins increasing 

the membrane retention of proteins.  The retention of phenolics due 

to association with proteins may be less than the retention of 

phenolics due to browning. 

Polyphenol oxidase (PPO):  Activity was completely inhibited by 

20 ppm free SO .  This is in accordance with findings by Bayer et al. 

(1957), who demonstrated that PPO is rapidly and completely inhi- 

bited by S09.  Instead of the expected 100 percent, only 97 per- 

cent (at 50oC) to 99 percent (at 30oC) retention of PPO was obtained 

for the PM-30 cartridge in the absence of SO  (Table 13).  The lack 

of complete retention may be attributed to PPO subunits or leakages 

about the gaskets of the cartridges, as discussed later. An earlier 
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Table 11.    Effect of TOmbrane molecular weight cut-off (pore size) 
on retention of sulfur dioxide in ultrafiltered Riesling 
grape juice3. 

SULFUR DIOXIDE  (PPM) 

Sample PMIO PM30 PM50 PM100 

 Fb      BC      Td      F        B        T        F        B        T        F        B        T 

Initial 
Juice 26      40     66      31      25     56      18     33      51      23      33     56 

Permeate       21      40     61      23     26     49     15     33     48     20     31      51 

Retentate     20     36     56      18     26     44     15     26     41      18     31      49 

Permeate 
Retention  81 100  92  74 104  88  83 100  94  87  94  91 
U)e  

aWhite Riesling juice (pH 3.11), filtered through PMIO, PM30, PM50, 
PM100 membranes:    Pi=25 psi, Po=psi, processed at 50oC, VCR = 12. 

bFree S02 
cBound S02 
dTotal S02 
ePernieate         100 

Initial  juice   x 



Table 12. The effect of S0? on the concentration of proteins and 
phenolics, and. on browning in ultrafiltered Thompson 
seedless grape juice3. 
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Sample 
PROTEINS11 

-SO, +S0n -SO, 

PHENOLICSC 

+S0r 

BROWNING  (A420) 

-SO, +S0, 

Initial 
Juice 140 160 249 330 2.64 1.03 

Permeate 40 20 171 245 0.212 0.052 

Retentate 260 190 325 385 4.17 2.13 

Membrane 
Retention 

(%)d 
71.4 87.5 31.3 25. 92.0 95.0 

Juice (pH(-S0?)3.71, pH(+S0?)3.68) containing no S02 (-SO.) or 20 ppm 
free SO- (+50,), filtered through PM-30 membrane: PT=25 psi, Po«!20 psi, 
processed at 50oC, VCR (-S02)=2.86 VCR (+S02)=3.93. 

yg/ml juice 

Initial Juice - Permeate    x    100 
Initial Juice 1 
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Table 13. The effect of S02 on Hunter haze and polyphenol oxidase 
activity in ultrafiltered Thompson seedless grape juice . 

Sample 
HAZE 

508C 

(*) POLYPHENOL OXIDASE (PP0)b 

30oC            50oC 

-so2 +so2 -so2 +so2 -so2 +so2 

Initial 
Juice 79.1 57.7 12.7 0.00 4.3 0.00 

Permeate 8.60 6.85 0.16 0.00 0.14 0.00 

Retentate 98.4 86.0 10.1 0.00 2.2 0.00 

Membrane 
Retention 

(%)c 
89.1 88.1 98.9 0.00 96.7 0.00 

Juice (pH (-S0J 3.71, pH(+S0?) 3.68)contaim'ng no S0? (-S0?) or 20 ppm 
free SO, (+S0„7, filtered through PM-30 membrane:    Pi = 25 psi, Po=20 psi, 
VCR 30oi(-$Q2W.SO,  (+S02)=2.17, VCR 50°  (-S02)=2.86,  (+S02)»3.93. 

moles 02 x 10 /min/ml juice 
cInitial Juice - Permeate    x   100 

Initial Juice 
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analysis with the PM-50 cartridge revealed greater enzyme activity 

(5%) in the permeate. A similar effect was observed by Heatherbell 

et al. (1977) when using a PM-50 membrane with apple juice (per- 

sonal communication). When a 20 ppm free SO- solution (to test 

interference of SO^ with the assay) and a boiled juice sample 

without SO (as control) were used no activity was observed.  The 

molecular weight of PPO reported in the literature is above 30,000. 

However, possible lower MW subunits may have diffused through the 

membrane (ref., Literature Review). 

Browning; The presence of S0„ resulted in less browning in 

the initial juice.  However, more browning compounds were retained 

in the presence than in the absence of S0„ (Table 12).  It is possi- 

ble that in the presence of SO more large than small phenolic mole- 

cules are involved in browning. However, the average retention in 

the absence and presence of SO was high (93.5%), which further 

confirms that brown polymers are generally of high molecular weight. 

Despite the high retentions the permeate of the juice without SO 

was 76 percent more "brown" ("golden-amber") than that with SO, 
2' 

The juice was rather pale light-colored, similar to young Riesling 

wine. 

Haze: Approximately the same retention of "Hunter haze" was 

achieved in the presence as in the absence of S0„ (Table 13). How- 

ever, the permeate of the juice with S09 was 20 percent less "hazy" 

than that without SO . This appeared to be mainly related to the 

lower haze in the initial juice treated with SO .  In addition, 

this indicates that brown polymers may also be contributing to haze. 

The fact that more proteins were also retained in the presence than 

in the absence of S0„ may be another contributing factor. 

Microbial Analysis 

The effects of process temperature, S0_, and MMWCO (pore size) 
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on microbial "load" were studied. 

Initial analysis showed that microbial sterility may be diffi- 

cult to achieve (Tables 14 and 15).  In most instances, greater than 

99 percent retention of microorganisms, but not the expected 100 

percent retention, was obtained whether SO. was incorporated in 

processing or not. 

Process temperature;  Increasing the temperature from 30° to 

50oC reduced microbial loads of the initial juice, retentate and per- 

meate significantly (Table 14).  A similar temperature effect on 

microbial loads was reported by Heatherbell et al. (1977). 

Sulfur Dioxide;  S0„ had an identical effect to process temper- 

ature on microbial loads but did not ensure final "sterility" 

(Table 14). 

Membrane molecular weight cut-offs; PM-10, PM-30, PM-50 and 

PM-100 membranes did not, as expected, show any difference in their 

retention of microorganisms (Table 15).  This would be expected be- 

cause pore sizes of different membranes are said to be the same and 

uniform.  Pore sizes are also said to be less than the size of micro- 

organisms (Ref. below). 

The initial load reported in Table 15 is markedly less than 

that in Table 14.  This is attributed to freezing, which probably 

reduced microbial loads, particularly molds and yeasts (Berry and 

Diehl, 1943). 

Further investigations to identify the microbial problem;  Due 

to the difficulty in attaining "cold sterilization" and the fact 

that several repeated procedures resulted in similar findings, 

procedures were developed to investigate in situ techniques, sani- 

tation procedures and possible sources of errors. A sample of 

initial juice (ThS) was filtered through a 0.45 pm millipore filter 

and 1 ml plated on PCA and PDA culture media.  This was repeated 

seven times to minimize errors and sampling and incubation was 

conducted in an identical manner to the UF samples.  To investigate 

possible membrane failure an inoculum of E. coli (rod size 1.1 - 



Table 14. Effect of process temperature and SOp on microbial 
colony counts of ultrafiltered Thompson seedless 
grape juice3. 

Sample 

COLONY COUNTS (cfu/ml)1 

30oC 

PCA' PDA 
-SO, +S0, -SO, +S0. 

50° C 

PCA PDA 
-SO, +S0. -SO. +S0, 

Initial 
Juice 

1.7x10^ 1.2xlOa   7.9x10' 3.0xl02   1.5xl04   6.0xl02 1.1x10" 8.0x10' 

Permeate 100 62 98 33 <30(5)   <30(23)   <30(23)   <30(3) 

Retentate     >6,500xl03   2.0xl03   >6,500xl03   1.2xl03   1.2xl03   1.3xl03   3.0xl02   5.0X101 

Membrane 
Retention 

(%)e 
99.41 94.83    98.76 89.00    99.97 96.17    99.79 99.63 

a,... Juice (pH (-S0J 3.71, pH (+S09) 3.68)containing no SOp (-S03) or, 20 ppm free S0? (+S0?), filtered through 
PM-30 membranef Pi=25 psi, Po^20 psi, VCR 30oC (-S0o)^2.5, f+S09)=2.17, VCR 50

or(-S0J=2.86, (+S09)=3.93. 

Colony forming units/ml juice 

'Plate count agar: molds, yeasts and bacteria 

Potato dextrose agar: molds and yeast count only 

0( 
1 

eInitial Juice - Permeate x 100 
Initial Juice 
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Table 15.    Effect of membrane molecular weight cut-off (pore size) 
on microbial colony counts of ultrafiltered Riesling 
grape juice3. 

COLONY COUNTS  (cfu/m1)b 

Sample PM10 PM30 P*50 PM100 

 PCAC           PDAd    PCA           PDA      PCA           PDA      PCA PDA 

lT\iV,V        S.lxlO2      <1      5.2x102      <1      5.2xl02      <1      5.0x102      2.0x101 
Juice 

Permeate      <30(8)       <1      <30(3)       <1      <30(2)       <1      <30(6)       <1 

Retentate   2.1xl02     <1      3.6xl02     <1      4.9xl02     <1      5.2xl02     9.0x101 

Membrane 
Retention    98.43         ND      99.42         ND      99.61          ND      99.80           100 

(%)e  
aWhite Riesling juice (pH 3.11) containing 25 ppm free SO,, filtered 

through PM10, PM30, PM50, PM100 membranes:    Pi=25 psi, P6»20 ps1, 
processed at 50oC, VCR = 12. 

Colony forming units/ml juice 
cPlate count agar:    molds, yeasts and bacteria count 

Potato dextrose agar:   molds and yeasts count only 
eInit1a1 Juice - Permeate    x   100 

Initial Juice 

ND:    Not determined 
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1.5-by 2.0 - 6.0 ym) was filtered through the PM-30 cartridge and the 

permeate incubated in an EC broth (44.5 ± 0.2oC) for one day.  In 

neither instance was growth detected. When tested bacterial 

colonies were always detected in samples collected directly 

from the permeate pipe line during processing. 

It was concluded that the UF membranes were not defective, had 

pore sizes less than 1.1 ym and certainly should have retained all 

yeasts and molds, and most bacteria.  Therefore it was believed 

there was periodic leakage about the gaskets of cartridges, depend- 

ing on whether satisfactory sealing was obtained when cartridges were 

inserted.  This is supported by the fact that yeasts and molds (4 - 

20 ym) were found in most permeates.  The yeasts and molds were not 

resulting from external contamination as yeasts and molds were not 

detected in the permeate when the initial juice did not contain them 

(Table 15). 

UF membranes are reported to have pore sizes ranging from 0.001 

to0.45 ym and have been used to successfully exclude all microorgani- 

sms from permeate juices (Heatherbell et al., 1977; Wysocki, 1977; 

Katalevskii et al., 1979). Romicon membranes used in this study 

are believed to have a pore size in the order of 0.0066 ym. Hodgson 

(1981) reported similar results.  In the study of Hodgson, very low 

initial juice counts (Ca 80 - 90) were probably due to the method 

of processing and the fact that the juice was frozen prior to UF. 

In addition, undiluted aliquots of 0.1 ml of pear juice were plated, 

whereas in this study fresh grape juice as well as frozen were used, 

and aliquots of 1 ml undiluted permeate, and 0.1 ml undiluted and 

serial dilutions of initial and retentate juices were plated out. 

In Hodgson's study, failure to detect colonies may be attributed to 

0.1 ml aliquots of permeates being assayed which carry an error of 

at least 10 cfu/ml.  The possibility of membranes failing to provide 

absolute retention should be recognized (Porter, 1975). The poten- 

tial difficulties of cold-sterile bottling of juices should also be 

recognized. 
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Analysis During Storage 

UF juice (permeate) was stored in 300 ml glass bottles at 340F 

(1.10C), 70oF (210C) and 1000F (37.80C) for periods of up to 28 weeks. 

Samples were analyzed at intervals of two or more weeks depending on 

the rate of change and the number of samples available. 

Browning 

Figure 6 summarizes the rate of browning during storage at 

different temperatures in the presence and absence of SO (Table 16). 

There was no increase in browning in UF juices processed with or 

without SO and stored at 10C.  However, juice processed in the 

absence of SO was more colored (golden-amber) before storage. 

Juice processed with SO and stored at 210C showed a gradual 

increase in browning during 28 weeks of storage. However, the 

degree of browning did not attain the initial level of the juice 

processed without S0„.  Storage at 38°C accelerated the rate of 

browning. The samples processed without SO could not be stored 

at room or activated temperature for any more than one week without 

fermentation spoilage.  The periods of rapid onset in browning 

coincided with the disappearance of free or bound SO  (Fig. 8). 

For instance, after 27 weeks for juices stored at 2I0C and after 

one week for juices stored at 380C.  The browning is believed to be 

non-enzymatic due to the exclusion of PPO from permeates. 

Haze 

Figure 7 summarizes the rate of haze formation during storage 

at different temperatures in the presence and absence of SO  (Table 

16). The rate of haze formation was most rapid in the juice stored 

without SO^ and more rapid in refrigerated samples than samples 

stored at 21"C. The latter observation is attributed to "chill 
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0.61-    *-*> l0C + S02 
o-o 2I0C +S0 

0 10 20 
TIME (WEEKS) 

30 

Figure 6. Effect of storage temperature on browning of 
ultrafiItered Riesling grape juice. 
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Table 16. Changes in browning (A420) and Hunter haze during storage 
at different temperatures of ultrafiltered Riesling grape 
juice made with and without SO-3. 

BROWNING (A420] 1 HAZE {%) 
Storage 
Time 1°C 2TC 

+so2 
SB0: 

+S02 

I'C 21 "C 

+so2 

380C 
(weeks) -so2 +so2 -so2 +so2 +so2 

0 0.33 0.09 0.09 0.09 4.0 2.6 2.6 2.6 

2 0.35 0.09 0.10 0.18 4.4 3.4 3.1 3.6 

14 ND ND 0.14 0.44 ND ND 3.4 5.0 

21 ND ND 0.14 ND ND ND 3.5 ND 

25 0.32 0.09 0.14 0.47 42.9 9.3 5.3 ND 

27 ND ND 0.15 0.57 ND ND ND 15.3 

28 ND ND 0.20 0.51 ND ND 11.6 20.8 

White Riesling juice (pH 2.98) containing no SO- (-SO-) or 13 ppm free 
SO, (+S0-), filtered through PM-50 membrane:    PT=25 p»i, Po=20 psi, 
prbcessefl at 50oC, VCR = 4. 
ND:    not determined 
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40 
0-0 zrc + so2             / 
*-* l0C + so2                 / 
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Figure 7.    Effect of storage temperature on haze formation 
in ultrafiKered Riesling grape juice. 
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haze" formation from unstable proteins and/or protein-phenolic 

complexes. Earlier studies in this laboratory have demonstrated 

that low molecular weight proteins (16 - 24,000) are responsible for 

haze formation in grape wine (Ngaba-Mbiakop, 1981). They are likely 

passing through the membranes.  Tartrate crystals were also observed 

in refrigerated samples, occurring only after two weeks in samples 

stored without SO but not for approximately two months in samples 

stored with SO .  It is possible that suspended fine tartrate 

crystals could have contributed to haze analysis. All samples 

stored at the "accelerated" temperature (380C) underwent fermenta- 

tion within two weeks and haze increase was probably due to micro- 

bial haze. 

Since the pH of juices was generally below 3.7, fermentation 

would be attributed to the likely occurrence in grape juice of some 

yeasts like Saccharomyces, Hanseniaspora, Torulopsis. Candida and 

fungi like Penicillium (Lawrence et al., 1959).  All these grow 

well in high acid foods (pH < 3.7). 

Sulfur Dioxide 

The effect of storage temperature on total, bound and free 

SO^ is reported in Table 17 and graphically presented in Figure 8. 

At 10C over a 25-week period there was a gradual decline in total 

and free SO which correlated with a gradual increase in bound SO . 

At 210CJ all the forms decreased more rapidly than at l0.C over a 

14-week period, after which the free remained constant at 

approximately 5 ppm, whereas a gradual increase in the bound and 

total S09 was followed by a decline after 25 weeks. At 38eC 

("accelerated storage") the rapid decrease in all forms of S02 was 

within two weeks after which a similar behavioral pattern to that 

occurring at 210C occurred for all forms over the remaining 

storage period. 



55 

Table 17.    Effect of storage at different temperatures on retention 
of SO, in ultrafiltered Riesling grape juice3. 

Storage 
Time 10C 

SULFUR DIOXIDE 

210C 

(PPM) 

ss-c 
(Weeks) F B T F B T F B T 

0 13 13 26 13 13 26 13 13 26 

2 n 17 28 8 12 20 5 3 8 

14 ND ND ND 5 6 11 5 6 11 

21 ND ND ND 5 8 13 ND ND ND 

25 5 18 23 5 8 13 5 8 13 

27 ND ND ND 5 6 11 5 6 11 

28 ND ND ND 5 3 8 5 6 11 

White Riesling juice (pH 3.11) containing 13 ppm free SO-, filtered 
through PM-50 membrane:    Pi=25 psi, Po=20 psi, processed at 50oC, 
VCR * 4. 

ND:    not determined 



Fiaure 8. 

10 20 
TIME (WEEKS) 

Changes in SO2 during storage of ultrafiltered 
Riesling grape juice at different temperatures. 
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The SO values of 3-5 ppm reported represent "background" 

readings obtained from juice components (nonsulfite iodine-reducing 

substances) interfering in the iodine titration of the Ripper pro- 

cedure used in this study.  When the Ripper procedure was compared 

with the aspiration method which avoids this interference (Amerine 

and Ough, 1980) these values were reduced to zero. 

To assist in interpreting the behavior of SO consider the 

following:  In aqueous solutions SO exists in the following pH- 

dependent equilibria (Amerine and Ough, 1980): 

S02^>  ^ S02(aq) 

S02(aq) + H20 ^ -» H+ + HSO^ 

HSO^ + HSO^ ^   ^ S2052~ + H20 

HSO^ ^   -'• S03
2~ + H+ 

In juice and fermented juice, the bisulfite ion (HS0„) reacts with 

carbonyl groups, particularly aldehydes such as acetaldehyde and 

reducing sugars, to produce "bound" SO , the remaining being free. 
as 

Sulfur dioxide can also be oxidized to sulfate (SO.) (Singleton et 

al., 1965).  As already discussed SO can be lost as gaseous sulfur 

dioxide, this being accelerated at higher temperatures and followed 

by subsequent dissociation of bound SO .  This accounts for the more 

rapid decrease in free SO seen above at higher temperatures.  The 

above phenomenon normally results in a subsequent decrease in total 

SO , the equilibrium being shifted to the left as more bound SO 

dissociates. The increase in bound S09 observed at 10C could be 

due to a shift in equilibrium to the right at low temperatures. 

The increase is not great because of the acidic pH of the juice. 

It should be noted that these findings are very similar to those 

reported earlier for the effect of process temperature. 
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The observed increase in SO at 38°C following a two-week 

initial period of decrease could be attributed to the formation 

of SO by yeasts during fermentation (Mayer et al., 1976). Further- 

more, accelerated aging of the juice, in particular polymerization 

and browning may be forming compounds contributing to increased 

"background" interference with the Ripper determination of S0„. 

This aging effect may also account for the same trend of increase 

observed after the 14-week period of decrease at 2r0C. 

Sensory Analysis 

Sensory Analysis of UF Thompson Seedless Grape 
Juice Processed at Different Temperatures 
without S0„ 

Only small or no significant sensory differences (in color, 

aroma, and taste) were detected between the 30° and 50oC process- 

ing temperatures at the 5 percent level of significance. The re- 

sults were similar whether the juice was processed with _or without 

SO- (Table 18).  However, significant differences were found be- 

tween the SO -treated and untreated juices at both temperatures, 

even at the one percent level of significance. There was no signi- 

ficant difference in preference (desirability) between the process 

temperatures, but there was a slight significant difference in 

preference between the juices processed with and without S09, the 

treated juices being preferred over the untreated.  In this tasting, 

seven of the 14 judges preferred the treated juices, six the un- 

treated and one was undecided.  However, since "a result which just 

misses the five percent level is very little different from the 

situation where it attained the five percent level" (Anonymous, 

1977), the slight significant differences in preference can be ig- 

nored.  Interestingly, comments of those who preferred the untreated 

juices were mainly that the juices had more aroma and better flavor 

than the treated.  However, this should not be interpreted as their 
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Table 18.    Sensory analysis of ultrafiltered Thompson seedless 
grape juice, processed at different temperatures with 
and without S02

a. 

MEAN SCORE 

TREATMENT REFERENCE-DIFFERENCEb DESIRABILITY0 

COLOR AROMA TASTE 

Processed at 50oC 
without S02d 1.61 2.00 2.11 6.11 

Processed at 50oC 
with S02 4.26 4.07 3.36 6.82 

Processed at 30oC 
without S02 1.96 2.68 2.68 6.36 

Processed at 30oC 
with S02 4.64 4.50 4.07 6.89 

LSDe at $%  level 0.59 0.56 0.56 0.53 

LSDe at IS level 0.78 0.74 0.74 0.70 

aJuice (pH(-S02) 3.71, pH(+S02) 3.68)contain1ng no SO, (-SO,) or 
20 ppm free SO, (+S0,), filtered through PM-30 membrane:    Pi=25 psi, 
Po=20 psi, VCR^SO (-S0,)=2.86,  (+S0,)«3.93, VCR 30 (-S0,)=2.50, 
(+S02)«2.17. ^ Z d 

Scored on an intensity scale of from 1  (same as reference) to 9 
(extremely different from the reference) 

cScored on a hedonic scale of from 9 (like extremely) to 1  (dislike 
extremely. 

Reference 
eLeast significant difference. 
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having more "fresh fruity" character, as this is believed to be 

more of an oxidative "aging" character. 

These results further confirm 50oC as a good processing tempera- 

ture, and indicate that good quality juice can be prepared by UF 

either in the presence or absence of S0„. Both juice "styles" 

(± S0„) may find a preference depending on the type of product they 

are used for, whether as a juice in its own right, or whether 

"back-blended" as a "sweet-reserve" in wine, or whether the juice 

needs to be stored (refer below). 

Sensory Analysis of UF Riesling Grape Juice 
Stored at Different Temperatures for One 
Year 

Significant differences in preference between SO -treated juices 

stored at 2r0C and 1° C for twelve months were also slight, although 

considerable significant differences in color, aroma and taste 

were detected even at the one percent level of significance (Table 

19).  In this tasting, five of the 14 judges preferred the 210C 

sample, five the 10C, but four were undecided.  The refrigerated 

sample was said to be of better taste, aroma and fruity character 

by some of those who preferred it, whereas a honey character was 

occasionally associated with the sample stored at room temperature. 

A. similar "honey-aged" character in Riesling wine is often attributed 

to oxidative aging and loss of SO . 

The storage results indicate that it is possible to store UF 

juice which has been processed in the presence of low concentrations 

of S0„ (13 - 20 ppm free) at room temperature (210C) for one year 

and still retain good quality. 

As a general conclusion, because of the limited number of 

judges (breadth of sampling), the results of the preference (de- 

sirability) test should not be interpreted as a consumer preference 

test. 
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Table 19. Sensory analysis of stored ultrafiltered Riesling 
grape juicea. 

MEAN SCORE 

TREATMENT                RSFEP.ENCE-PIFFERENCEb   DESIRABILITYC 

 COLOR    AROMA    TASTE  

12 months storage at 2rcd 1.75 2.04 2.32 5.82 

12 months storage at TC 3.29 3.93 3.64 6.39 

LSDe at 5%  level 0.57     0.54     0.91    0.45 

LSDe at U level 0.77     0.73     1.23    0.61 

aWhite Riesling juice (pH 3.11) containing 13 ppm free SO-, filtered 
through PM-50 membrane:    Pi=25 psi, Po=20 psi, processed at 50oC, 
VCR = 4. 

Scorej on an intensity scale of 1  (same as reference) to 9 (extremely 
different from reference). 

cScored on a hedonic scale of 9 (like extremely) to 1  (dislike extremely). 

Reference 
eLeast significant difference 
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SUMMARY AND CONCLUSIONS 

Ultrafiltration (UF) was investigated as a means of clarifying, 

stabilizing and preserving White Riesling and Thompson Seedless 

grape juice. The effect of UF processing with or without S0?, 

process temperature and membrane molecular weight cut-off (MMWCO) 

on juice composition and quality was investigated.  Juice para- 

meters evaluated included proteins, phenolics, polyphenol oxidase 

(PPO), micro-organisms, browning, haze and sensory properties. The 

effect of storage at different temperatures on juice composition, 

stability and quality was also determined. 

The results and conclusions obtained can be summarized as 

follows: 

1. UF can be successfully applied to clarifying grape juice. 

2. UF of SO2 treated juices (13-20 ppm free) compared with untreated 

had several advantages including reduction of browning (ca 76%), 

haze (ca 20%), PPO activity (complete inhibition even in initial 

juices) and microbial load in the clarified permeates. 

3. Ultrafiltering juices at temperatures up to 50°C had the advant- 

age of increased rate of filtration, with decreases in clarified 

permeate haze or browning, and with the additional advantage of 

markedly reducing microbial loads in the initial juice, reten- 

tates and permeates.  It also reduced PPO activity in the reten- 

tate juice during processing (28% reduction at 50°C compared 

with 30oC). 

4. Ultrafiltration at 50°C resulted in acceptable loss of free S0» 

during processing (62% recovered in the permeate at 50°C compared 

with 87% at 30oC). 

5. For S0„ treated and untreated juices UF membranes retained much 

higher percentages of proteins (34-92) than phenolics (2-27). 

More proteins but less phenolics were retained by the membranes 

in the treated than untreated juices. 
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6. In a study with S0„ treated Riesling juice, decreasing membrane 

"molecular weight cut-off" ("pore size") from 100,000 to 10,000 

had no effect on retention of browning (ca 85%), of haze (ca 

84%), or oil microorganisms but increased the retention of pro- 

teins from 34% to 58%. 

7. A varietal comparison between White Riesling and Thompson Seed- 

less showed Thompson Seedless browned more during juice prepar- 

ation and UF processing with subsequent greater retention of 

brown complexes by membranes, producing lighter, paler UF clari- 

fied permeates.  Thompson Seedless juice contained less phen- 

olics more proteins and more PP0 activity, and higher percent- 

ages of its proteins and phenolics were retained by the 

membranes. 

8. UF juices processed with or without S0„ could be stored (pre- 

served) for at least one year at 10C without fermentation 

spoilage. There was no increase in browning during the seven 

months of storage analysis, however, haze increased gradually 

in the juice containing S0_ but very much greater in the sample 

stored without SO-. 

9. UF juices processed without S0_ could not be stored for more than 

one week at 210C without fermentation spoilage.  In contrast, 

ultrafiltered S0„ treated juices were successfully stored for 

one year with only gradual increases in browning and haze at 

21° C. The color developed was more of a "yellow-golden" color 

rather than brown.  Total and free SO2 decreased at 10C. con- 

current with an increase in bound S0?. Total, free and bound 

S02 gradually decreased at 210C. The above processes acceler- 

ated when juices were subjected to "accelerated" storage at 

380C. 

10. Enzymatic browning of stored UF juices was not considered to be 

a major factor as essentially all polyphenoloxidase was retained 

by membranes of molecular weight cut-off of 50,000 or less. 
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11. Although juices could be preserved for up to one year without 

fermentation spoilage, completely sterile juices were never ob- 

tained. However, greater than 99% microbial retention was 

generally recorded. Leakage around cartridge gaskets was be- 

lieved responsible rather than failure of the membranes. 

12. Sensory analysis detected only small or no significant differ- 

ences in aroma, taste, color and desirability between the 30oC 

and 50oC process temperatures at the 5% level of significance 

whether juices were processed with or without SO^. However, 

S0„ treated and untreated juices at both process temperatures, 

as well as treated juices stored at ll^C  and 1:0C for twelve 

months, were significantly different in color, aroma and taste 

even at the 1% level. Although these juices had different 

flavor "characters" the significant differences (P = 0.05) in 

desirability were slight. 

13. From these studies it can be concluded that good quality clari- 

fied grape juice but of different flavor "character" can be 

produced by UF, either in the presence of absence of S0_.  Both 

juice ^'Styles" (±S0„) may find preferred use, but juices pro- 

cessed with S0_ have the advantage of ambient storage, retain- 

ing good quality after one year at 210C. Recommended optimum 

processing conditions are 50oC, in the presence of minimal 

amounts of S0? (13-20 ppm free) using membranes of molecular 

weight cut-off of 30-50,000. However, application of the pro- 

cess to "Cold-Sterilization" of grape juice requires further 

evaluation. 
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APPENDIX I 

The description of mass transfer across membranes is usually 

based on one of two models:  the solution-diffusion, the irreversi- 

ble thermodynamics and the pore model (Kortekass 1980). 

The most widely used pore model based on Poisseuille's Law 

for viscous flow, 

A(APt -ATT) _  ...   ,.. j = -i ' Equation (i) 
n 

is no more valid because of concentration polarization. 

The concentration gradient model of Michaels (1968) is con- 

sidered at steady state when the solute transport to the membrane 

surface equals the back diffusion of solute from the concentration 

polarization layer into the bulk liquid.  In this case: 

J = kin (
(^ ~_  gPJ Equation (ii) 

where, J = the permeate flux, flow per unit area of membrane 

A = membrane permeability coefficient, characteristic 
of a particular membrane. 

K = mass transfer coefficient 

APt = transmembrane pressure, the average inlet and out- 
let pressures on the retentate side of the membrane. 
The permeate is at atmospheric pressure. 

ATT = the transmembrane osmotic pressure of the rejected 
solute against which the driven force APt is ap- 
plied. 

n = the viscosity of the feed. 

When CW is higher than the solute solubility limit, a gel layer 

is formed adjacent to the membrane creating a hydraulic resistance 

greater than that of the membrane.  Transport through the membrane 

is controlled by the permeability properties of the gel layer and 
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the equation becomes: 

J = k In ,^f " Sft? Equation (iii) 
(.Ct - Cp) 

In the above, 

Cw, Cp, Cf, Cg = Solute concentration at the membrane surface, 
of the permeate, in the feed and of the gel 
layer respectively. 

jgl ~_  ^PJ = VCR, and J reduces to: 

J = k In VCR, the working equation used in UF practice for cal- 

culating flux. 



74 

APPENDIX II 

GALLIC    ACID 

H>-v 
HO-^QN-COOH 

HO 

DIGALLIC   ACID 
HOv HQ       ,OH 

HO COOH 

H CH=CH-C-0 

HO OH 

OH 
COOH 

CHLOROGENIC     ACID 

PHLOBATANNIN 

HO- O CH=CH— COOH 

CINNAMIC       ACIDS 

RsH,  p-Coumaric   Acid 

R=OH, Cafteic    Add 

RsOCHg,  Ferullc   Acid 

Figure 9.  Structures of some important phenolics found 
in grapes. 
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CHO 

O     HP—O-i 

DAr-0-O-CH 

HC-O-C-OA 

HC-O— C-DA 
0 

H2C-rO—C-OA 

D^=Digallic     Acid 

ANTHOCYANINS 

B' 

OH R=0CH3,R«H,   cyanidln 

Rj=OCH3,   R=OH,    petunidin 

R'SRSOCH^    malvidin 

R'=R=H,      pelargonidin 

TANNINS- FLAVAN-3-OLS 

R=R"=H,  R=OH,  catechin 

Rs-H,   RsrRxOH, gallocatechin 

TANNINS- FLAVAN-3, 4-DIOLS 

R=R/
=OH7    R=sH, leucocyanidin 

R=R=R=OH,  teucodelphinidin 

Figure 9   (continued) 
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APPENDIX III 

A Discussion of the Principle, Selection and 
and Advantages of Some Analytical Procedures 

Assay for Total Proteins 

Several methods are available for the determination of proteins 

in musts and wine:  the kjeldahl, the biuret, the voit, the Lowry, 

the Diemier and Maier, among others (Ngaba-Mbiakop, 1981). However, 

because of the abundance and frequent interference of non-protein 

nitrogenous compounds, and the small amounts of proteins in musts 

and wine accurate data on protein content are difficult to obtain 

(Ferenczy, 1966; Bayly and Berg, 1969; Cordonnier, 1966; Somers and 

Ziemelis, 1973; Amerine and Ough, 1980). Minor quantities of phen- 

olics are also said to interfere with Colorimetric assays (Potty, 

1969 and Loomis, 1974). 

The method used in this research is the Bradford (1976) pro- 

cedure as adopted by Bio-Rad (1981) protein Assay which has the 

following advantages: 

(1) It requires only one reagent and five minutes to perform 

as compared for instance with three reagents and 30-40 minutes typi- 

cal for the Lowry Assay. 

(2) It doesn't require any critical timing as the absorbance 

of the dye-protein complex is relatively stable. 

(3) There is no interference from over 60 tested reagents or 

from colored glassware or cuvettes. 

(4) Interference from phenolics is insignificant (Refer below). 

(5) The micro-and macro-assays permit detection of both very 

minute concentrations (as in musts and wines) and very large amounts 

of proteins. 

(6) It is therefore sensitive, rapid, simple and convenient. 
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Coomassie Brilliant 
Blue G-250 
Am 465 nm + Protein 

Reddish Brown 
Complex 

Xm = 595 nm 

Assay for Polyphenol Oxidase (PPO) Activity 

Mayer et al. (1966) compared the spectrophotometric, chrono- 

metric, manometric and polarographic methods currently used to 

measure PPO activity in different fruit varieties and noted the 

latter to be the method of choice. They thus confirmed the findings 

of Bendall and Gregory (1963) and were later supported by Walker 

(1975). PPO activity can also be measured by release of tritiated 
3 

water during hydroxylation of tyrosine 3, 5   H (Pomeranz, 1966). 

This research used the renowned polarographic method which 

utilizes an oxygen electrode. The heart of the system is an oxygen 

probe (sensor) which measures the amount of 0» outside the membrane 

as absolute pressure of oxygen. This pressure is measured from 

reaction curves as percentage saturation of O-. In the presence of 

PPO, the oxygen is used up, the % decreases with time, and the rate 

of decrease measures the enzyme activity in nanomoles of 0„/minute/ 

ml of sample. 

Barometric pressure changes affect the partial pressure of 

Oxygen in the reaction medium and may cause variations in results 

(Yellow Springs Instrument Co. 1978). The biggest merit of the 

technique is the enzyme is studied in situ: not isolated from the 

juice prior to assaying. 

Investigation of Possible Interference of Increasing 
Concentrations of Phenol (Gallic Acid) with the 

Bradford (Bio-Rad) Determination of Proteins 

Possible interference of phenols with the macro-assay procedure 
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of Bradford was investigated. 

To prepare standard curves 0, 10, 20, 30, 40, 50 ml of a 

2000 yg/ml solution of egg albumin were pipetted into six 100 ml 

volumetric flasks (VF).  This was repeated five times to give five 

sets of standard protein solutions. A constant volume of a known 

solution of gallic acid was added for each set of six VF.  For in- 

stance for the five sets, 0, 10, 20, 25 or 50 ml of a 40,000 yg/ml 

gallic acid solution was added and the VF made up to volume with 

distilled water.  The respective concentrations of protein standard 

for each set of flasks were 0, 200, 400, 600, 800 and 1000 yg/ml, 

while that for gallic acid was 0, 4000, 8000, 10,000 or 20,000 yg/ml. 

The assay procedure was as described under materials and 

methods.  Only 0.1 ml aliquots of standard solutions were used 

corresponding to 0, 20, 40, 60, 80 and 100 yg of protein in the 

assay (reaction) volume and various amounts of gallic acid ranging 

from 0 to 2,000 yg as summarized in Table 20. 

The standard curves obtained in the absence of gallic acid and 

in the presence of 400 yg of gallic and were superimposable (Fig. 10). 

As the 400 yg corresponds to approximately ten times the concentra- 

tions of phenolics detected in grape juice in this study (Table 4, 8, 

12), it is concluded that there was no interference from phenolics. 

Moreover, the curves obtained in the presence of increasing amounts 

of gallic acid (800-2,000 yg), although displaced, remained linear 

and of the same slope (Fig. 11), indicating that relative concentra- 

tions of proteins could be determined without interference from pheno- 

lics. A possible error, however, exists in the determination of pro- 

teins below 20 yg per assay volume because of the biphasic nature of 

the standard curves (Figs. 10 and 11).  However, this was avoided in 

this study by the use of the micro-assay procedure. Robinson (1979) 

reported similar results, concluding that the Bradford procedure is 

the most suitable "for determination of proteins in plant extracts 

that may contain phenols." However, the maximum amount of phenols 
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Figure 10. Bradford (Bio-Rad) protein determination 
applied to egg albumin alone and in the 
presence of 400 yg phenols (gallic acid). 
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Figure 11. Bradford (Bio-Rad) protein determination 
applied to egg albumin alone and in the 
presence of increasing amounts of phenol 
(gallic acid). 



E 
c 

in 
0) 
m 

o 

< 
m 
cr 
o 
(/> 
QD 
< 

0.5 

0.4 

0.3 

0.2 

0.1 

83 

o of phenol 
protein at 

asic break 
t (20  fig 
albumin) 

40 

50 

100 

1 ± 1 1 1 
0        20      40       60       80      100 

/JLq   EGG ALBUMIN 
Figure  11. 



84 

(plant extract) used was only 200 yg per assay volume whereas this 

study used up to 2000 yg. When using phenols without proteins, Robin- 

son found the A-Q,. of 1 mg of phenol to be equivalent to the A_q- of 

only 25 yg bovine serum albumin. 


