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Enrichment of Cheeses Manufactured from Cow’s and Sheep’s
Milk Blends with Sheep-like Species-Related Alkylphenols

MEeRrAL KiLic*:T AND RoBERT C. LINDSAY

Department of Food Science, University of Wisconsin—Madison, Madison, Wisconsin 53706

Enhancement of concentrations of species-related sheep-like alkylphenols, p- and m-cresols and 3-
and 4-ethylphenols, in experimental Manchego-type cheeses manufactured from cow’s and sheep’s
milk blends (80:20) by using arylsulfatases was investigated. A food-grade arylsulfatase from
Aspergillus oryzae (ATCC 20719) was produced using a stimulatory medium, and crude dried cells
were used as the enzyme source. Exogenous arylsulfatases from Helix pomatia and A. oryzae were
added to cheese curd, and the amounts of species-related alkylphenols were measured. Arylsulfatase
from H. pomatia released limited amounts of alkylphenols in the cheese only when used at a high
level. Arylsulfatase from A. oryzae released substantial amounts of alkylphenols during 2 months of
ripening. The concentrations of alkylphenols in A. oryzae arylsulfatase-treated cheese were
comparable to the previously reported levels present in aged Manchego-type cheeses manufactured
from pure sheep’s milk.
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INTRODUCTION flavor at low concentrations as reflected by their low (ppb)
threshold levels 10). 3-Ethylphenol and 4-ethylphenol were
found to exhibit sheep- and sheep pen-like flavors, respectively

production of specialty cheeses, such as feta, Roquefort, an 10). p-Cresol was reported to provide an animal-like flavor _in
Manchego, in various countries (1). Sheep’s milk has higher pure form @) and a sht_aepyard flavor note at a concentration
dry matter content (1620%) than cow’s milk (1+13%; ref of 100 ppb in a_deodorlzed model buttdrl§. m-Cresol was _
2). The average lactation period of sheepis4months, which reported to provide a sweetness and fullness _at a concentr_atlon
is shorter than the average for cows that have a lactation period®f 200 ppb along wittp-cresol at a concentration of 2 ppb in
of 10 months. The milk yield per sheep is also less than that @ deodorized model butted 1). Alkylphenols were found to
per cow. Because of its high dry matter content and scarcity contribute to sh_eep-hke flavors of the cheeses manufactured
throughout much of the year, sheep’s milk is more expensive from sheep’s milk (58, 9).
than cow’s milk. Manchego-type cheeses manufactured from blended cow’'s
Freezing and holding at abot20 °C is a common practice ~ and sheep’s (80:20) milk have been found to contain substan-
to preserve sheep’s milk and increase its availability throughout tially lower amounts of species-related alkylphenols as compared
the year 8). Another practice to utilize sheep’s milk is blending to cheeses from pure sheep’s mif§.(Conjugated alkylphenols
with cows’ milk in processing, which also reduces the cost of have been shown to be abundant in the skim milk (aqueous)
manufacture and aids in meeting the continuing demand for fraction, whereas free alkylphenols partition into milk fat, and
sheep’s milk-containing cheeses (4). However, blending leadsthey have been associated mostly with the cream (fat) phase of
to the dilution of characteristic flavor compounds of sheep’s milk (6, 12—15). Therefore, it can be postulated that the flavor
milk, and a reduction or loss of flavor identity in the resulting of cheeses manufactured from blended cow’s and sheep’s milk
cheese commonly occurs (5). could be intensified by the utilization of the precursor reservoirs
Sheep’s milk flavor has been attributed to volatile branched- present as conjugated alkylphenols in milk.

chain fatty acids and alkylphenols, which differ in |dent|ty and Metabo“ca”y Conjugated a|ky|phen0|s in milk have been
distribution from cow’s and other ruminant species’ milks ( readily released from conjugates for analysis as free phenols
7). Additionally, commercial specialty cheeses produced from py sujtable commercial hydrolytic enzymes, including acid
sheep’s milk have been characterized in part by these speciesphosphatase, arylsulfatase, ghdlucuronidase. Furthermore,
related flavor compound®,9). Alkylphenols contribute to the species-related alkylphenols in sheep’s skim milk have been
found to be mostly conjugated with sulfate with minor amounts
* To whom correspondence should be addressed. Tel: 90-212-285-6016.associated with glucuronide and phosphate conjuga@sijilk
Fax: 90-212-285-2925. E-mail: meral kilic@itu.edu.tr. | also contains native conjugases that might be utilized for the

T Current address: Department of Food Engineering, Istanbul Technical A ’ _ .
University, 34469 Maslak/Istanbul, Turkey. hydrolysis of conjugated alkylphenols during processing and

Sheep’s milk has a unique flavor as compared to cow’s and
other ruminant species’ milks, which is utilized mostly for
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ripening of cheesel(7, 18). However, the levels of these incubation. Concentrations @knitrophenol released were calculated

enzymes were found insufficient to release alkylphenols from from a standard curve prepared by using authgiitrophenol.
their conjugates (10). Experimental Manchego-Type Cheese ManufactureRaw sheep’s

Considering the current knowledge of the identity and gn\j:;r‘]’i"ahst tpoarwgduiiﬁb?ati\,\;ar]rmsvt:gteer's(‘lgil)kb\i/tgsa;illctjelr(:gttﬁﬁoﬁch .
distribution of conjugated species-related alkylphenols in sheep’s g q ; P 9

e h hesi hat this inf . 1db ilized cheesecloth to remove particulate material. Experimental cheeses were
milk, it was hypothesized that this information could be utilize manufactured in 7 kg batches from sheep’s or blended cow's and

for the development of technologies for the intensification of sheep’s (80:20) milk according to the procedures for Manchego cheese
flavors in sheep’s milk cheeses. Thus, the objective of this (23, 24). Both sheep’s and cow’s milks were pasteurized atG3or
research was to investigate the utilization of arylsulfatase for 30 min. Blended milk was warmed at 46 for 15 min by being stirred
intensification of the sheep-like flavors that would compensate with a small propeller, and then it was cooled in an-eeter bath to
for the flavor losses encountered in cheeses manufactured from32 °C. A CH—N 11 specialty cheese culture, which consisted of
cow’s and sheep’s milk blends. multiple strains olLactococcus lactisubsplactis, Lactococcus lactis
subsp.cremoris,Lactococus lactisubsp.lactis biovar. diacetylactis,
andLeuconostoc mesenteroidesbsp.cremoris(0.15 g/kg milk) and
MATERIALS AND METHODS Chy-maxll coagulant (0.1 mL/kg milk; Chr. Hansen’s Laboratory, Inc.,
Milwaukee, WI) were used. Milk was incubated for 45 min at°82
after the addition of the starter. After the addition of rennet, milk was
set for coagulation until a smooth curd formed {3® min). The curd
was cut into 4—6 mm cubes with wire knives, and the temperature
was increased to 3% in 15 min by being heated with manual stirring.
After 15 min of holding at 38C, the curd was transferred in cheesecloth
into plastic cheese molds with a 250 g capacity. Arylsulfatase

Materials. Raw sheep’s milk was obtained from Spooner Agricul-
tural Research Station, University of Wisconsin—Madison (Spooner,
WI). Milk was frozen and kept at-23 °C in the freezer until it was
used for cheese making. Raw cow’s milk was obtained from the Dairy
Processing Plant of University of WisconsiWadison. Arylsulfatase
from Helix pomatia(Type H-5, EC 3.1.6.1) ang-nitrophenyl sulfate
were obtained from Sigma Chemical Co. (Milwaukee, WI). All solvents preparations, including 30 and 300 U frd pomatiaand 30 U from

were HPLC_ grade. . A. oryzae(ATCC 20719; 0.3 g of dried whole cells), were mixed with
Preparation of a Food-Grade Arylsulfatase from Aspergillus 40 mL of distilled water in a sterile test tube and then stirred into 250
oryzae.A culture of A. oryzag(ATCC 20719, U.S. Patent 4 636 468; ¢ of cheese curd. One U of activity was the amount of enzyme required
ref19) on a YM Agar slant was obtained from ATCC (Rockville, MD). g release umol of p-nitrophenyl sulfate per h at pH 7.5 fér oryzae
The organism was grown on potato dextrose agar (PDA) slants with arylsulfatase ang-nitrocatechol sulfate at pH 5.0 at 3T for H.
biweekly transfers of mycelia onto fresh media and incubation at 24 pomatiaarylsulfatase. The curd was pressed with a hydraulic press
°C until sufficient sporulation was achieved. Cultures were stored on (Carver Laboratory Press, Fred S. Carver, Inc., Summit, NJ) with a 50
PDA slants covered by twice-autoclaved (121 for 15 min each) g |oad for 16-18 h at 20°C. pH was measured during cheese making
mineral oil at 24°C. The morphology and sporulation of the organism o maintain consistent manufacturing conditions for each batch of
were observed under a microscope by using lactophenol cotton bluecheese. Cheeses had a pH of 5.2 after the manufacture.

stain (20). After being pressed, cheeses were salted in brine (23% (w/v) NaCl
The synthetic medium used by Burns and Wygt)(was utilized in distilled water) for 40 min. Cheeses were then vacuum-packed in

as a base medium for broth cultures. The base medium contained 0.1parrier pouches (0.5 mil polyester/2 mil polyethylene, Curwood Inc.,

M NaCl, 0.05 M NHCI, 1 mM MgCl, 1M CaCl, and 30 g of sucrose  New London, WI) and ripened for 2 months in a temperature-controlled

in1L of0.1 MKHPQ, in double-distilled water, which was adjusted  yoom at 8-10 °C. Each batch contained two treated and two control

to pH 7 with 0.1 M KzHPO4 Since this medium was found insufficient cheeses. Samp|es of cheeses were keptw °C in a freezer until

for growth, 0.5% MgS@or 2, 5, or 10 mM taurine were supplied o analyses of alkylphenols and arylsulfatase activity.

stimulate growth and arylsulfatase production (22). The soybean  apalysis of Arylsulfatase Activity in CheesesArylsulfatase activity
medium used by Arbige and Neubeck7] was also utilized, which i enzyme-treated cheeses was determined at the beginning and end of
included 6% soybean meal, 5% (WH-PQ,, 0.5% MgSQ, and 2% ripening. Shredded cheese (5 g) was homogenized with a tissuemizer
soybean oil. (Tekmar, Cincinnati, OH) in 10 mL of cold double-distilled water in
Broth media were prepared in 200 mL quantities. Inoculations were an ice—water bath. The mixture was centrifuged at 15000 15 min
made from PDA slants grown for two weeks at A4. Spores were at 4°C. The aqueous phase without the fat layer was filtered through
recovered in 8 mL of Tween-20 (0.025% w/v) by the surface of the Whatman No. 4 filter paper. Filtrate (0:&.) was mixed with 0.3 mL
slant being slightly scraped with a sterile wire loop. This suspension p-nitrophenyl sulfate (10 mM in final mixture) in 0.2 M acetate buffer
was transferred into broth in 1.5 mL quantities. Whole mycelia at pH 5. After the mixture was incubated at 8D for 1 h, the reaction
suspensions were used in the production of the enzyme. Inoculatedwas stopped with the addition of 1 mL of 1 N NaOH. Hydrolyzed
broths were incubated at 3€ on a reciprocal shaker at 100 rpm for  p-nitrophenol was extracted by addition of 1 mL of chloroform and by
4 days. Mycelia were harvested by vacuum filtration through Whatman being vortexed. The mixture was centrifuged at 49€8 10 min to
No. 1 filter paper. Mycelia were washed twice with 25 mL of double-  separate phases. Hydrolyzeditrophenol in the chloroform phase was
distilled water and filtered through Whatman No. 1 filter paper. Mycelia quantified by measurement of absorbance at 410 nm (DU-65 spectro-
were dried with the addition of 25 mL of dry ice chilled acetone in a photometer, Beckman Instruments, Inc., Fullerton, CA). Concentrations
cold mortar. Cells were disrupted in the cold mortar with a pestle, and were calculated based on a standard curve prepared by psing
the preparation was separated from the acetone solution by vacuumnitrophenol in the enzyme assay.
filtration. The acetone wash was repeated one additional time. Finally, Analysis of Alkylphenols in CheesesVolatile free alkylphenols
mycelia were dried in aluminum dishes covered with filter paper in a \vere measured before and after ripening for 2 months according to the
desiccator under vacuum at room temperature for 3 h. Dried mycelia procedures of Harlld) and Zeng {5) with some modifications. Cheese
were used as the arylsulfatase source. shredded with a hand shredder (50 g) and«L0of o-cresol (10 mg/
Arylsulfatase activity was measured usipgitrophenyl sulfate as 100 mL methanol; Aldrich Chemical Co., Milwaukee, WI) as an internal
a substrate. Ten mg of dried cells in 0.5 mL of 0.1 M Tris-HCl buffer standard were combined. The cheese sample was then probe-
at pH 7.5 were mixed with 0.5 mL gd-nitrophenyl sulfate (10 mM in homogenized after the addition of 100 mL of saturated NaCl solution
final mixture) solution in the same buffer. The reaction mixture was in distilled water. Volatile free alkylphenols contained in fat were
incubated at 37C for 20 min. The reaction was stopped by the addition extracted by the addition of 50 mL of diethyl ether. After manual
of 1.5 mL of 0.5 N NaOH. The solutions were clarified by being shaking, the mixture was centrifuged at 660& 10—15°C for 30
centrifuged at 7009for 5 min, and absorbances of clear supernatants min (Sorvall refrigerated centrifuge, DuPont Inst., Des Plaines, IL).
were read with the spectrophotometer at 410 nm. Control samples wereThe diethyl ether layer was removed, and the extraction was repeated
also prepared by the mycelia and substrate being combined after thefor a second time with an additional 50 mL of diethyl ether. Each fatty
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extract was concentrated by ether being removed using a rotary vacuuMraple 1. Arylsulfatase Activity of A. oryzae (ATCC 20719) Grown in
evaporator operated at room temperature. Then, each fatty extract wasyjtferent Media
mixed with 30 mL of saturated NaCl solution and distilled for 1.5

by using a microsimultaneous distillation and extraction apparag)s ( weight of arylsulfatase activity?
Volatile free alkylphenols were extracted into 5 mL of diethyl ether in culture media dried cells (g) (umol/h g of dried cells)
the receiver flask. Each extract was dried with the addition of excess soybean media? 021 27
anhydrous Ng5O, and then was concentrated under a slow stream of  ¢onigie + MgSO, (0.5%) 0.25 13
nitrogen to near dryness. control + 2 mM taurine 0.24 105.0

Each concentrate was then neutralized by addition oftd06f 0.2 control +5 mM taurine 0.25 107.1
M NaHCG;, and the pH was adjusted to-212 by using 5Q:L portions control + 10 mM taurine 0.25 108.5
of 1 N NaOH monitored with pH indicator papers (Fisher Scientific,
Itasca, IL). The concentrate was buffered with 100 of 0.2 M a Arylsulfatase assay was carried out using 10 mM p-nitrophenyl sulfate at pH

phosphate buffer at pH 12, and alkylphenols were dansylated by the 7.5 in 0.1 M Tris-HCI buffer at 37 °C for 20 min or 1 h depending on the activity
addition of 60QuL of dansyl chloride (5 mg/mL acetone; 5-(dimethyl-  present. ®6% soy bean meal, 5% (NH4)H,PO4, 0.5% MgSO,, and 2% soy bean
amino)-naphthalene-1-sulfonyl chloride, Aldrich Chemical Co., Mil-  oil by weight (19). ¢ Control synthetic media (200 mL) included 0.1 M NaCl, 0.05
waukee, WI). The dansylation took place at 45 in the dark for 20 M NH,Cl, 1 mM MgCl,, 1 uM CaCl, and 30 g of sucrose in 1 L of 0.1 M KH,PO4
min. After excess dansyl chloride was hydrolyzed with 3 drops of 1 N in double distilled water at pH 7 with 0.1 M K;HPO, (21).

NaOH, dansylated alkylphenols were extracted into @85@f hexane

by being vortexed and centrifuged at 4gd0r 1 min. Hexane extracts . -
were filtered through 0.2m nylon filters (Acrodisc, Gelman Sciences, Earlier researchers had reported the use of sulfate-limited

Fisher Scientific, Itasca, IL) before HPLC analysis. After concentration Media and tyramine to induce arylsulfatase synthesis in some
under a slow stream of nitrogen if necessary,200f each extract bacterial species (2127, 29, 30). Therefore, tyramine was
was used for HPLC analysis. substituted for MgS@in the synthetic medium in attempts to
Normal phase HPLC was performed using a LichrosorbSi 60 column obtain higher levels of arylsulfatase, but the organism did not
(5um, 250x 4 mm i.d., Alltech Assoc., Inc., Deerfield, IL). The HPLC ~ grow in this medium. Even though the synthesis of arylsulfatase
system included a Beckman 110B solvent delivery module (Beckman has been reported to increase in the presence of tyramine in
Instruments, Inc., Berkeley, CA) and a 20 sample loop. The mobile  pacterial species, only in vitro activity was enhanced in the
phase_ was 1.6% acetone in 2,2,4-t_rim(_ethylpentane at_ a flow ratg of 1.5presence of tyramine for fung8{). The strain of\. oryzaein
mL/min. Detection of dansyl derivatives was carried out with a the present study was insensitive to tyramine, and the results

fluorescence detector (Waters Model 420; Waters Associates, Inc., L . . . .
Milford, MA). which was set at an excitation wavelength of 360 nm also indicated that this particular strain Af oryzaerequired
sulfur for growth.

and an emission wavelength of 425 nm and a gain setting of 8. .
Chromatograms were recorded using a Spectra-Physics Model 4200 Taurine was used as a sulfur source based on the reports for
computing integrator (Spectra-Physics, San Jose, CA) with a chart speedtS induction of arylsulfatase synthesis in different fungi,
of 0.5 cm/min. Alkylphenols in chromatograms were identified by including A. oryzae(22). Addition of taurine to the synthetic
coincidence of retention times between unknown and authentic media allowed growth of the fungi and synthesis of arylsulfatase.
compounds. Concentrations were calculated based on the internalUse of taurine in the synthetic media increased the arylsulfatase
standard by using recoveries and response factors for individual activity obtained 40- and 80-fold as compared to that obtained
compounds (14). Sincp- andm-cresols and 3- and 4-ethylphenols  om the soybean media and the use of Mg@®@ng with the
Werle coeluted, these two compl_ounds were reported together. All gy nihatic media, respectively. The yield of mycelia was equal
analyses were carried out in duplicate. for each media used in the study. Thus, taurine was effective
in supplying the necessary sulfur for growth but also in induction
of the synthesis of arylsulfatase. Since increases in the concen-
Arylsulfatase Production by A. oryzae.The strain ofA. tration of taurine beyond 5 mM did not produce additional
oryzae(ATCC 20719) used in these studies sporulated reluc- increases in the synthesis of arylsulfatase, taurine was used at
tantly even though different slant media, including PDA and a concentration of 5 mM in subsequent experiments. The role
YM Agar, were evaluated. Therefore, mycelial growth was of taurine has been claimed to be its ability to serve as an indirect
limited upon transfer of spores into the fermentation broth. intermediate in the pathway of sulfate assimilation to cysteine
However, the amount of mycelia obtained was sufficient for (22). On the other hand, direct intermediates, such as inorganic
laboratory research purposes. Further research is needed tsulfate, cysteine, and thiosulfate, have caused repression of
identify conditions to obtain more mycelial mass for use in large- arylsulfatase synthesis.

RESULTS AND DISCUSSION

scale fermentations. Use of Arylsulfatases in Cheesed.o determine if arylsul-
The organism was initially grown in a soybean medium that fatases were able to resist destruction in cheese during ripening,
included soybean meal, soybean oil, and MgS@hich was arylsulfatase activity in aqueous extracts of the experimental

the medium used by Arbige and Neubecko) for lipase cheeses was also measured at the beginning and after 2 months
production. Although the organism produced a large mycelial of ripening. The enzymes were retained in the cheeses to a
mass in this medium, low levels of arylsulfatase activity were significant extent as they were added to the cheese Giatolé
obtained Table 1). Use of inorganic sulfate in the growth media 2). Arylsulfatases remained active during ripening even though
has been reported to repress the synthesis of arylsulfatase irboth H. pomatia(300 U) andA. oryzaeenzymes apparently
bacterial as well as fungal speci&2(26—28). Therefore, the  lost some activity after 2 months.

synthetic media without a sulfur source used by Burns and Wynn H. pomatia Arylsulfatase. The addition of 30 U ofH.

(21) for producing arylsulfatase fro. oryzaewas utilized in pomatia arylsulfatase in 250 g of cheese curd before being
subsequent experiments. Even though this media was reportegressed did not consistently result in the release of additional
to be sufficient for growth of other strains éf. oryzae, this amounts of alkylphenols as compared to the amounts present
particular strain did not grow well in this media, and MgSO in control cheesesT@ble 3). Of the small amounts observed,
was added back to the synthetic media to promote the growth.only the 3- and 4-ethylphenols levels were about 2-fold higher
But, in this case, growth was obtained without an increase in in treated cheese as compared to the levels in control cheeses.
the amount of arylsulfatase activity. Arylsulfatase fromH. pomatiafits the arylsulfatase type I
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Table 2. Activities of Arylsulfatases in Experimental Manchego-Type p- and m-cresols were about 3-fold higher in 300 U bf

Cheeses Manufactured from Blended Cow's and Sheep’s Milk (80:20) pomatiaarylsulfatase-treated cheeses at the beginning and end
of ripening as compared to those in control cheeses. In contrast,
substantial amounts of 3- and 4-ethylphenols were released early

activity («mol/h 250 g of cheese)?

arylsulfatase source” day 1 day 60 in the ripening. The cause of this observation was not readily
H. pomatia (30 U) 9.0 96 apparent, but the effects of inhibitory agents (e.g., calcium and
H. pomatia (300 U) 34.0 270 phosphate ions) upon arylsulfatase in the compact structure of
A-oryzae (30U) 148 %6 cheese after being pressed possibly may have been involved.
@ Assay conditions: p-nitrophenyl sulfate (10 mmol/kg of cheese), pH 5, 50 °C A. oryzae Arylsulfatase. Arylsulfatase fromA. oryzae
for 1 h. PEnzymes were added to 250 g of cheese curd. 1 U is the amount of performed better in releasing alkylphenols as compared to that
enzyme required to release 1 umol of p-nitrophenyl sulfate per h at pH 7.5 and 37 from H. pomatia.Other studies had shown that the arylsulfatase
°C for A. oryzae arylsulfatase or p-nitrocatechol sulfate at pH 5.0 and 37 °C for from A. oryzaewas more tolerant of the cheese environment
H. pomatia arylsulfatase. (24% inhibition at 300 mM phosphate and no inhibition by
sodium and calcium) than arylsulfatase fréin pomatia(5).
Table 3. Concentrations of Alkylphenols in Manchego-type Cheeses The A. oryzaearylsulfatase-treated cheese contained 20- and

Manufactured from Blended Cow's and Sheep’s Milk (80:20) by Using 36-fold higher concentrations of 3- and 4-ethylphenols pnd

Arylsulfatase . ) . .
i and m-cresols, respectively, during the curd-pressing period
concentration? (pph) (16—18 h) as compared to those in the control cheese. The
anylsulfatase 3/4-ethylphenol® pim-cresol® phenol concentrations of the alkylphenols increased Ap oryzae
source® dayl day60 dayl day60 dayl daye0 arylsulfatase-treated cheeses after 2 months of ripening. Con-
control 12c 096 226 770 352 103b centration of phenol was glso higher in tAeoryzaeenzyme-
H.pomatia(30U)  20c  16b 43b  107b 44a 135b treated cheese after ripening as compared to the control cheese.
H.pomatia(300U) ~ 89b ~ 71b  129b  208b 33a 109b The strain ofA. oryzag/ATCC 20719) employed in this study

Aoyzae(U)  24la  540a 1461a 59732 82a 376a was used by earlier researchers in the commercial production

of an enzyme preparation called Flavor Age for use in
accelerated ripening of cheese, especially Cheddar chE@se (

2Means with different letters in the same column are significantly different (P
< 0.05). "Enzymes were added to 250 g of cheese curd. 1 U is the amount of

enzyme required to release 1 #mol of p-nitrophenyl sulfate per h at pH 7.5 and 37 A. oryzae (ATCC 20_719) provided bOt_h proteinases and
°C for A. oryzae arylsulfatase or p-nitrocatechol sulfate at pH 5.0 and 37 °C for peptidases that contributed to cheese ripen®g) (ut also
H. pomatia arylsulfatase. ¢ Compounds coeluted. uniquely produced a lipase that selectively enhanced the release

of hexanoic and octanoic acids while suppressing the release

category, which includes enzymes that have higher affinity of excessive amounts of butyric acid that cause undesirable
towardp-nitrocatechol sulfate than fgenitrophenyl sulfate, and ~ rancid flavors in cheesel9). Fernandez-Garcia et a4, 35)
which are also distinctly inhibited by phosphate i088)( Since found that Flavor Age enzyme preparation frémoryzaealso
alkylphenol conjugates in milk are somewhat structurally similar accelerated ripening and enhanced the flavor of Manchego-type
to p-nitrophenyl sulfate, their hydrolysis by. pomatiaaryl- cheese manufactured from a cow’s and sheep’s milk blend.
sulfatase might be predicted to be limited. However, as the Flavor Age has also been utilized successfully in several other
enzyme activity measurements in cheeses indicétegpmatia studies on accelerated ripening of cheese, including those by
arylsulfatase was capable of releasing free phenol fm  Guinee et al. (36), Shendy et al. (37), and Brandsma et al. (38).
nitrophenol sulfate if the concentration of the substrate was at Rajesh and Kanawjia3@) reported that Gouda cheese manu-
sufficiently high levels. factured from buffalo milk using Flavor Age exhibited the flavor

Arylsulfatase fromH. pomatiahas also been shown to be  of 3 month old cheese in only 1 monih. oryzag/ATCC 20719)
inhibited by major ions present in cheese, including phosphate,grown in the medium reported by Arbige and NeubetR)(
calcium, and sodiums). Phosphate ions at a concentration of possessed only weak arylsulfatase activity, but by introducing
50 mM at pH 5 inhibited the enzyme by 35%, and inhibition tayrine into the medium, a uniquely high arylsulfatase activity
was 80% when the concentration was increased to 300 MM.\yas produced in this study. Comparison of the amounts of
Phosphate ions per kilogram of expressed aqueous cheese liquigd,zymes between current and previous published studies was

frgm cheddar ?heesiag?d for 1;‘9”“‘ has been ][er;]orteg 10 b0t possible, but it is theoretically possible that arylsulfatase
about 50 mmolg3). T erefore, sufficient amounts of phosphate ight have contributed to some extent to the flavors of Flavor
ions were present in the aqueous phase of the eXpe”memaAge-treated cheeses in the earlier studies

cheese to contribute a suppressive effect on the activity. of . . .
pomatia Calcium and sodium ions at concentrations commonly When the concentrations of alkylphenols in the experimental

found in cheese (200 and 350 mM) also inhibitédpomatia ~ cheeses were compared, the cheese producedAwidyzae
arylsulfatase by 33 and 15%, respectiveh). (Dodgson and arylsulfatase contained significantly higher levels of 3- and
Powell (32) also earlier reported the inhibition of 80% of the 4-ethylphenols an@- andm-cresols than the other cheess (
activity of purified arylsulfatase frori. pomatiain the presence < 0.05). Even thougiH. pomatiaarylsulfatase at the 300 U
of 25 mM NaPQ,. Thus, it can also be concluded that the level released these alkylphenols in the cheese, the difference
cations occurring in cheese also contribute to the suppressionas compared to the control cheese was not statistically signifi-
of H. pomatiaarylsulfatase activity in the cheese matrix. cant. The method used to quantify alkylphenols at low levels
Although nearly complete inhibition dfl. pomatiaarylsul- led to a coefficient of variation in the range of-120%, and
fatase was observed with the addition of 30 U of enzyme to this possibly hindered the differences in the concentrations of
cheese, the addition of 300 U &f. pomatiaenzyme resulted  alkylphenols between control and. pomatia arylsulfatase-
in the release of notable amounts of alkylphenols as comparedtreated cheeses. Concentration of phenol was not different in
to concentrations found in control cheeses. Concentrations ofthe cheeses at the beginning of ripening, But oryzae
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arylsulfatase-treated cheese contained higher levels of this (4) Wendorff, B. Updates on sheep milk researchPhoceedings

compound as compared to the other cheeses after 2 months of of the 4th Great Lakes Dairy Sheep Symposiduome 26—27;

ripening. Wisconsin Sheep Breeders Coop.: Spooner, WI, 1998; pp 51
58.

(5) Kilig, M. Intensifying species-related sheep flavors in cheeses
manufactured from cow’s and sheep’s milk blends. Ph.D. Thesis,
University of Wisconsin, Madison, 1999.

(6) Lopez, V.; Lindsay, R. C. Metabolic conjugates as precursors
for characterizing flavor compounds in ruminant mil&sAgric.

The taste threshold concentrations ptresol and 4-eth-
ylphenol have been reported to be 2 ppb in water (300 ppb in
Gouda cheese) and 100 ppb in water, respectiv@)y The
concentrations of the alkylphenols were lower than their
respective threshold levels in both cheeses contakiqgpmatia

arylsulfatase. However, arylsulfatase frohn oryzaereleased Food Chem1993,41, 446—454.

flavor active amounts of- andm-cresol in the cheese after 2 (7) Ha, J. K.; Lindsay, R. C. Release of volatile branched-chain and
months of ripening. Even though substantial increases in the other fatty acids from ruminant milk fats by various lipas&s.
concentrations of 3- and 4-ethylphenols were obtained\by Dairy Sci.1993,76, 677—690.

oryzaearylsulfatase treatment of the cheese, the levels of these (8) Ha, J. K.; Lindsay, R. C. Contributions of cow, sheep, and goat
compounds were lower than the reported threshold concentra- milks to characterizing branched-chain fatty acid and phenolic
tion. However, concentrations of 3- and 4-ethylphenols gnd flavors in varietal cheesed. Dairy Sci.1991,74, 3267—3274.
and m-cresols were 2.5- and 5.6-fold higher, respectively, in  (9) Ha, J. K;; Lindsay, R. C. Volatile branched-chain fatty acids
the blended milk experimental cheeses after 2 months of and phenolic compounds in aged Italian cheese flavoisood
ripening as compared to the highest concentrations found in Sci.1991,56, 1241—1247.

commercial aged Manchego-type cheeses manufactured from (10) Ha, J. K.; Lindsay, R. C. Volatile alkylphenols and thiophenol
pure sheep’s milk reported by Kil&). Gallois and Langlois in _speues-related characterizing flavors of red meat$&ood
(40) also reported 2030 ppb of 4-ethylphenol in Roquefort Scl. 1991,56, 1197-1202. . .
cheeses produced from sheep’s milk aged for 210 days, and (11) Urbach, G.; Stark, W.; Forss, D. A. Volatile compounds in butter
these concentrations were similar to those preseAt '[Dryzae’ oil. Il. Flavor and flavor thresholds of lactones, fatty acids,

. " . phenols, indole, and skatole in deodorized synthetic buiter.
arylsulfatase-treated experimental Manchego-type cheese in this Dairy Res.1972,39, 35.

study. (12) Brewington, C. R.; Parks, O. W.; Schwartz, D. P. Conjugated
Informal sensory assessments of the cheeses were carried out compounds in cows’ milk]. Agric. Food Chem1973,21 (1),

by the authors. The flavor of the cheese produced Ritbryzae 38-39.

arylsulfatase was sheepyard-like at the beginning of ripening (13) Brewington, C. R.; Parks, O. W.; Schwartz, D. P. Conjugated

because of high amounts of alkylphenols, but it lacked balanced compounds in cows’ milk 11.J. Agric. Food Chem1974,22,

cheese-like flavors. Concentrationsmfandm-cresols at 146 293-294.

ppb would be expected to contribute sheepyard-like flavors in (14) Han, L. H. Measurement of alkylphenols in fatty foods. M.S.
the cheese after being pressed, but other cheese-like flavors were _ Thesis, University of Wisconsin, Madison, 1994.

developed later in the ripening that suppressed sheepyard-like (15 Zéng. Q. Influence of milkfat on the formation of flavor
flavors after 2 months of ripening. The levelspfandm-cresols \Cl\(/’.mpou'.]dsh';' Zhedda{gggese' Ph.D. Dissertation, University of
appeared to be important in producing desirable flavors in the (16) Killis(?ol\r;ls'ml_’indasaljolgl c Di.stribution of Conjugates of Alkyl-
cheeses. Dunn and Lindsay (41) using imprecise gas chromato- e I

. . . . phenols in Milk from Different Ruminant Speciek. Dairy Sci.
graphic analytical techniques estimated haresol concentra- 2005,88 (1) 7—12.

tions were generally lower than 100 ppb in clean-flavored (;7) kitchen, B. J. Enzymatic methods for estimation of somatic cell
Cheddar cheeses, whereas concentrations higher than 100 ppb~ count in bovine milk.J. Dairy Res.1976,43, 251—258.
exhibited unclean and utensil-type flavors. Additionally, Ram-  (18) Ramshaw, E. H. Aspects of the flavor of phenol, methylphenol,
shaw et al. (42) have reported that even lower concentrations and ethylphenolCSIRO Food Res. (985,45, 20-22.

of p-cresol and 4-ethylphenot@0 ppb) resulted in barn-like (19) Arbige, M. V.; Neubeck, E. C. Lipolytic enzyme derived from
off-flavors in Cheddar cheese. In general, the flavohobryzae an Aspergillusmicroorganism having an accelerating effect on
arylsulfatase-treated cheese was fuller and more balanced with cheese flavor development. U.S. Patent 4 636 468, 1987.
the contributions of alkylphenols, and perhaps other enzyme- (20) Onions, A. H. S.; Allsopp, D.; Eggins, H. O. Wsmith's
generated flavor compound49), as compared to the bland Introduction to Industrial Mycology7th ed.; John Wiley &
flavors of the control cheese. Sons: New York, 1981.

The results indicated that adjustments in the amounts of (21) Burns, G. R. J.; Wynn, C. H. Studies on the arylsulfatase and

L . phenol sulphotransferase activities Adpergillus oryzaeBio-
arylsulfatase activity and manufacturing procedures would be chem. J1975,149, 697—705.

_required to consistently provide desirable levels of alkylphenols (22) Harada, T.; Spencer, B. The effect of sulphate assimilation on
in cheese for flavor enhancement. Furthermore, the release of the induction of arylsulphatase synthesis in furgjochem. J.

alkylphenols within 2 months of ripening indicated that aryl- 1962,82, 148—155.

sulfatase fromA. oryzaecould be used in appropriate amounts  (23) Nufiez, M.; Medina, M.; Gaya, P. Ewes’ milk cheese: technol-

to augment accelerated ripening of cheeses when used along ogy, microbiology, and chemistry. Dairy Res1989,56, 303—

with proteolytic and lipolytic enzymes. 321.

(24) Fernandez-Garcia, E.; Olano, A.; Cabezudo, D.; Martin-Alvarez,
P. J.; Ramos, M. Accelerated ripening of Manchego type cheese
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