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Variations in mineral content wcrc determined throughout Ihe process of mak- 
ingcheese. taking samples ol natural. pasleurixd milk. with additions of rennet, 
curd. whey. pressed curd. pressing whey and cheese. The mean contents in 
chccx wcrc 749mglg for cakium, 0-%9m#g for magncsimn. 646n@g for 
sodium. 1.3gmg$ for potassium and Od64@g for manganese on a frmh 
night hasis. The contribution of the consumption of this type of product to Ihe 
daily intake estimates in a Spanish diet arc 23.6mglday for calcium, Mmglday 
for magnesium. 20.1 mglaay for sodium, 4,3mg/day for potassium and 1.1 fig/ 
day For manganese. By a variance analysis the existence of statistically sipifi- 
cant differcnccs [P<OW) was confirmed in the product from the chase-mak- 
ing for the five minerals, expressed both by Iii weigh1 and dry weight. Certain 
diRerem were observed in the groups formed by using a Scbeffe homogeneity 
tesl (P<O OS) depending on whcthcr the mineral content was expressed on a 
fresh weight or a dry weight bclsir. Slight rises in the contents of the five miner- 
als investiga(ed on a dry weight basis were verified mainly due IO the retention 
of the minerals by the curd and. secondly. by possible contamination occurring 
during the process 

INTRODUCl-ION 

The mineral content of cheese is highly variable and 
dcpcnds on numerous factors such as the differences, in 
mineral content among the species producing the milk 
with which it is made (Franc0 ef 01.. 1981; Garcia 
Olmedo er u/L 198lu.b). the geographical area in 
which it is made (Coppini et ul.. 1979), and also the 
characteristics of the making process (Feeley et ul, 
1972). 

During cheese manttfaeture physicochemical changes 
may take place; these chang may be designed IO pr+ 
duce a particular taste, aroma or texture, but the 
changes may also a&t the nutritional composition of 
the product (Scott, 1989). 

Some cheeses arc prepared by acid precipitation 
(starter only); other cheeses are prepared using rennet 
as well as starter. Factors such as pN, temperature and 
salt balance are also important in determining the cbar- 
act&tics of the curd and whey. In relation to these 
factors. the mineral-soluble fraction (part of whey com- 
ponents) may change and may be lost during the 
‘wheying_olY procedure. 

The e&ts of cheese manufacturing on mineral levels 
have been shown by Scott (1989) for different types of 
cheese and they indicate that levels of calcium are gen- 

erally up to IO times higher in hard cheese and four to 
five times higher in mould cheese than in milk. Magnb 
sium is of a similar order to calcium but onty five times 
higher in hard cheese and two to three times in mould 
cheese. Levels of potassium are no higher in cheese 
than in milk and levels of sodium are dependent on the 
amount of salt added. 

Manchego cheese is the most popular indigenous 
Spanish cheese, consumed both in Spain and outside its 
borders. Its average yearly production is estimated to 
be over SOCtC4 tonne/year (Fox, 1987). This product is 
made following a traditional process using different 
proportions of ewe’s, goat’s and/or cow’s milk and 
there are also many other cheeses which, although they 
do not receive the denomination of Manchego, are also 
made in the same way. 

In previous works we studied the variation of COP 
pr, iron and zinc IeveIs in Manchego-type cheese during 
the traditional cheese-making process (Moreno-Rojas 
er al., 1994o), and copper, iron, zinc, calcium, ma@- 
Gum, manganese, sodium and potassium variations 
during ripening of Manchego-type cheese (Moreno- 
Rojas et al., 1992, 1994b). 

The aim of this study is to determine the influence of 
the traditional process of making Manchego-typ 
cheese on contents of calcium, magnesium, manganese, 
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sodium and polassium. This could be determined DY 
two main factors: the relalion ofeach one of Le mincr- 
als stndicd with the curdling and soluble fractions of 
the milk (Rawer et ol.. 1989) and the possible comami- 
nation which is produced in the process (Pertoldi Mar- 
lc~a & Gabrielli Favreno. 19831. 

MATERIALS ANIY METHODS 

A routine production batch of Manchcgo-type cheese 
rnadc in a commercial chccx-making factory in Spain 
was shrdied. 

A mixture of milk (2% goat’s milk and 7X’% cow’s 
milk) was pasteurized and subsequendy placed in the 
curdling val. where 3350li~es of milk with a 3-9%~ LI 
contcnl and 15.5” Domic acidity was processed. Addi- 
tion IO the milk of 7Og fcrmcnl IBiofcrmcnl Dac 
Homo). 18Og diseolouring agent. I75cm’ lysoqmc. 
67Og CaCI! and 800cm’ rcnnei (Proinalsal was made 
After the formation of curds these wcrc pressed inlo 
plasm moulds. The pressed curd was p$ccd in brine 
with a ?(yx sah conlcnl. pH 53 and 13” Dornic in 
which it remained for 40 h. 

During the process. IO statistical random samples 
were taken of each one of the following slapa of the 
prolxxs: natural milk. pastcurised milk. the addhion of 
ferment. curd. whey cxudcd from the curd and whey 
from pressed curd. and also IO random samples were 
taken from each one of three portions silur~ed at difl- 
crcm depths in the pressed curd and in the fresh cheese. 

For rhe mincmlis;ilion of the samples. the method of 
Morcno-Rojas cr ~1 (I W4hI was followed. The mass of 
the sample used for analysis in each tax dcpcndcd on 
its nature: for liquid samples 5Og were taken and. for 
the solid ones. IO g. 

The crucibles containing the dried samples wcrc 
incincratcd in a furnace al 460°C ovcrnighl. After cool- 
ing, 2 M nhric acid (2 ml) was added. and the solulions 
were dried on a thcnostrlic hotplatc. They wcrc sub- 
scqucntly placed once again in the furnxc whcrc they 
remained at 4WC for I h. The recovery of the ash was 
carried oui with 2 M nitric acid Gml) and O-l M nitric 
acid (Xml). in a Z-ml volume~tic Rask Isubscquenlly 
stored in polypropylene flasks under refrigeration). For 
Ca, the s&ion was diluted I: 100 and lanthanum 

chloride (LaCl,.7H,O) was added to give 0.27% in the 
final solution. 

Analyxs were performed using a Perkin-Elmer Model 
?)80 atomic absorption spcctrophotomcter. using an 
air-acclylcnc flame. SingIe~lemcnt hollow cathode 
lamps were used for all elements except for Na and K 
which were determined by emission using the same 
instrument. For each clement being determined. the anal- 
yscs included duplicale analyses of samples. one spiked 
recovery analysis. and one standard rcfercncc material 
(non-fat milk powder. NBS 1549) from the National 
Institute of Standards and Technology (NET). For cal- 
culation of ~hc detection limil (3SD). the definition and 
crircria of the IUPAC were followed (Long & Wine- 
fordner. 1983: Analyticaf Melhods Committee. 1987). 

The scnsntvmes I&ml) oblaincd for Ca. Mg. Na. K 
and Mn. were l-38. 0089. 6.42.670 and 0,034. rcspff- 
lively. The minimum conccntrdtions detectable in 
cheese. on a fresh weight basis (&g). were 93.7. 12.2. 
100. 50 and 0,023 ror Ca. Mg. Na, K and Mn. rcspec- 
tivcly. Mean recoveries in ‘non fat milk powder (NBS 
15491’ were Ca. IOX:Mg. 101%: ?la. IOW: K. 96%: 
and Mn. 98%. 

Statistical ana~3I5 

Dais obrained from the chemical analysis of the samples 
were evaluated slatislically using a variance analysis 
with SchelE muhiple range lest (Snedecor & Cochrdn, 
1971) 

RESULTS AND DlSClFHON 

Table 1 shows the mm corvxntriltion of calcium, 
magnesium. sodium. polassium and mdngancse. and 
Fig I-5 their cvoluGons ;II fresh (A) and dry (8) 
weight through the eight products analyscd. 

A one-Hector variance analysis was used to determine 
if there were significant diAcrences between the prod- 
UCIS srudicd and il was found that there were dilier- 
cnces both in the moisture content and in the content 
of the fvc clcmcnts investigated (exprcsscd both a~ 
fresh and dry weight) If 5 WOI) after which a .SchcffP 
multiple range analysis (P ~0.05) was carried out and 
the groups observed in Table I were asccrrained. 

Tabk 1. Conrents of molstnre, caIcii. aag&um, s&m, ~iasimt~ and mattga~ al fresh wtigb4 (ma k SD) i tht dilltreat 
~fur&inrbc&z+maki~pmcess.H~ grrmpfmn~snttrpk~tsl(pc~inrraknl*rIrc%y ~. _ .._ .~~ ~~~ ~. ̂ .._ ~~_ _.^_._ ~~--- _~~~ 

M&lure Calcium Magnesium Sodium Potassium Manganese 
Produduct L, (‘%) ImW cm&/e, Illlgi8) (m&3) (W&l 

-.--__ 
Nalur~l milk IO W? + @ID 1.43? O.lO& 0.1 IX !: O,OIOBb 0.55 f @03Ac 1.71 *O&De 0.023 + OW4Aa 
Pasreurixd milk IO W3 f@ID 141 + 0,076~ 0.1 II t O.WIBb 6.53 f 0.03Ac 1.69 f O.OSDc 0029 * 0W~3Aa 
Milk t mncl IO 89.lfWID 140+0.05& 0~113~0005Bb 0.49 f OQAc 1.68 f O-09Dc 0.037 f OGOSAa 
Curd IO 547 f 0.4C 6.95 i 0.34Cc 0.261 f 0,017Ca 0.33 f W2Ab 1.20 f O.OSBb 0255 t 0.023Bb 
Curdling whey IO 94.2 ? @?I! 0 58 * @Of& @086 !: OJlO5Ac 0.50 f O,O?Ad 1.81 f OWd 0.014 * OW2Aa 
Pressing whry 

:oo 
95.0 f O.IF 0.59 2 QOSAb 0~104 r OJM5ABd 048 f O,OIAd I.71 f OG6DE 0.033 f OW5Ac 

Prcsxd curd 47.8 f 0.2A 7.67 + 0.41 Dd 0.322 + 0.0330~ 0.28 f O,OIAa I.10 f O&Aa 0.247 f 0044Bb 
Chccsc 30 49.2 f 0,5B 7.59 ?I 064Ddc 0.309 i: OWDa 6.47 f 5.23Be I.38 f O.OSCb 0.364 f 0,136Cd 

~- - 
“A-E SchcI homo&neous eraups (PcO~O5) at fresh weight. a% SchcIG homogeneous groups(P <0,05)al dry weight. 



Each S&42 homogeneous group is formed by a 
group of means that do not present any statistically 
s&Scant differences loom each other. Products marked 
with the same letter for an elemem or moisture had 
similar concentrations. 

RPr~plion Rr,cvriza,ion Addition Corgulalion Prrrsirg Sailing 
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For moisture and the five elements investigated, the 
homogenous groups formed with ScbetlFs test were 
diRerent and also differed if expressed at fresh or at dry 
weight (Table I). An exception for all the elements and 
moisture were the liquid milks which belonged to the 
same homogenous group, both at fresh and dry weight. 

For calcium four homogeneous groups were formed 

” 
Rccrptiun Paslcurizalion Addition Corgulalion Qrcrring Sallimg 

Fig. 3. Sodium evolution during the cheese-making press. 
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Rcccprion Prmvrimlon bddilian Co~gul~lion Prc~alng Salting 

Fig. 4, Potassium evolution during the cheese-making process. 
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at fresh weigh1 (Table I): curdling and pressing whey 
formed tbc lowcs~ conccnhation group. liquid milk 
formed the next group. curd constituted a group in 
itslf and pressed curd and cheese formed the highest 
concentration group. At dry weight the trend of con- 
ccntralions was lhri they wcrc similar IO fresh weight 
(Fig. I(A) and (B)). but a higher numbct of groups 
wcrc formed: curdling and pressing whey formed diliizr- 
cnt groups and cbcese formed a group between pressed 
curd with lower concentration and curd. 

This dirrribution ofconccntradons indicated a higher 
association of calcium with solid fr&ons than with 
lhc whey fraction. The perccntagc of calcium associated 
with the curd which remained in the cheese, is calcu- 
lated from the clteese produced and the mean concett- 
trations of minerals in rhc difkrent products of the 
cheese-making. ln this work about 10~8% of the mass 
of milk was transformed into pressed curd. 87.3% into 
curdling whey and l-9% into prcsving whey. Allowing 
for the mean concentration for each of thcx. 62% of 
calcium remained in the pressed curd. 

The observation coincides with the association of this 
element with the specific fractions of milk made by Ren- 
ner ef ~1. (1989) which indited about 6G% of calcium 
associated with the colloidal suspension of casciu micelles. 
It also coincides with the degrees of filtration of this 
ckment in milk indicated by Fischbach-Gmm and Potter 
(1986): only .W%V of calcium in milk is in a soluble form. 

The homogeneous groups formed for magnesium by 
the Scheffe test at fresh weight were similar to calcium, 
but at dry weight magnesium distribution (Fig, 2(B)) in 
the different products. and the groups formed. was 
entirely different for that of calcium at dry weight, and 

also the reverse of the distribution of magnesium at 
fresh weight (Fig. 2(A)). The lower concentration group 
was formed by s&l products (curd. pressed curd and 
cheese), Abe next group by liquid milks and, finally, cur- 
dling whey and pressing whey each formed a scpatate 
group with ~hc highest concentrations (Table I). 

This reverse distribution at fresh and at dry weight 
of magnesium is due to the association of magnesium 
with specific fractions of milk. The percenlage of mag- 
nesium associated with the curd remaining in the cheese 
now calculated is 31% and coincides with Rcnner #I al. 
(1989) who indicated that about 7oUX of magnesium is 
in true solution. and also coincides with Fischbach- 
Green and Porter (1986) who indicated that 66% of 
magnesium in milk is in soluble form. 

Tbe distribution of sodium in the different products 
of the cheese-making process at fresh weight (Fig. 3(A)) 
and the homogeneoliJ groups formed (Table I) indi- 
cated only one factor which supposedly caused signifi- 
cant changes in the concentration of this elcmcnt, the 
salting. Only IWO groups were formed by the S.&l% 
multipk range test. the lowest concentration group was 
formed by all the prodttcis cxeept cheese which consti- 
tuted in itself the other group. At dry weight (Fig. 3(B)). 
the groups formed indiited the association of sodium 
with the soluble fraction which produced lower concen- 
t&ion groups of solid products (except cheese). Actu- 
ally the association of sodium with the soluble faction 
should produce a similar distribution to that expressed 
a! dry and fresh weight. but the greatest etTects of salt 
addition wcrc most notoriously expressed at fresh 
weight. Tbe percentage of sodium associated with the 
curd remaining in the cheese now c;ilculaled is only 6%. 
Rcnner CI UL (1989) indicated that sodium in milk is 
entirely soluble. and Fischhach-Green and Potter (1986) 
showed 98’%1 soluble sodium. This 6%) of sodium in 
prcsscd curd must be associated logically with the mois- 
lure of the product (47G%). 

A ScheflZ range multiple test for potassium showed 
live homogeneous groups at fresh weight (Table I): 
lower conccntratian groups were formed for solid 
products. pressed curd. curd, and cheese which fontted 
three different groups of increasing concentration. 
respectively: liquid milk and pressing whey formed 
another group and curdling whey itself constituted the 
highfit concentraCon group. At dry weight (Table I), 
tivc groups were also formed and were similar to those 
formed at fresh weight with slight diferences. The dis- 
tribution of potassium at fresh and dry weight (Fig. 4~ 
and the grouping mentioned above indicated Ihe rela- 
tion of potassium with the soluble fraction of milk, and 
the pcrccntzage calculated by us was 7% of ihe potassium 
remaining in cheese. probairly associated with moisture 
(49.2%). Fischbach-Green and Potter (1986) indicated 
98% of soluble potassium and Renner ei al. (1989) 
reported that potassium in milk is entirely soluble. 

The distribution of manganese in the products of the 
cheese-making process at fresh (Fig. §(A)) and dry 
weigbt (Fig. 5(B)) was similar to the calcium distribu- 
tion. except for the pressing whey at dry weight. 
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Only ihrec homogcncous groups were formed by the 
sChen*e test [or manganese at fresh weight (Table I), the 
lowest being formed by all the liquid products, another 
formed by the curds and the highest formed by the 
cheese itself. At dry weight the groups formed were simi- 
lar except for the pressing whey which itself constituted 
an intermediate group between curds and cheese groups. 
This abnormal concentration in pressing whey at dry 
weight could be due to contamination by manganese in 
the manufacturing process (pressing and perhaps salting). 
a fact previously noted by Penoldi Marietta and Gabrielli 
Favretto (1983) in the making of Pa-n cheese, when 
contamination by iron was observed. and by Morcno- 
Rojas el al. (1994o) who observed contamination by 
iron, copper and zinc in Manchego-type cheese. 

If the sources of contamination are removed. it can 
be seen that the degree of association of manganese 
with the prccipitable fraction is similar to that of 
cakium. The calculated percentage of mangiInc% in 
pressed curd is 67%: according to Fischbach-Green and 
Potter ( 1986) it was 64% and Renner EI ul. (1989) found 
68% of manganese associated with casein and fat. 

In order to verify the hypothesis of a possible con- 
tamination and the etlkcl of salt added. three portions 
situaled at difkrcnt depths in the pressed curd and in 
the cheese wcrc studied and analysis of variance showed 
statistically significant differences (P ~0~001) between 
portions for manganese in the two producls, both at 
fresh and dry weight and for sodium in cheese also al 
fresh and dry weight (obviously because of salting). For 
instance. the highest concentration of manganese in both 
products was in the external portion and. of course. 
sodium in cheese was also in the external portion. Cal- 
cium. magnesium and potassium did not show statisti- 
cally significant ditirences (P>O.OS) between portions. 

The estimate made in Spain of the consumption of 
this type of producl is approximately 3.1 I g per person 
per day in a total diet of 1387 g (institute National de 
Esladiska, 1985). On considering the mean concentra- 
tions in fresh cheese for the five elements analyscd. the 
daily intake estimated is 23.6mg/day for calcium, I.0 
mglday for magnesium, 20.1 mglday for sodium, 4.3 
mglday for potassium and I.1 &day for manganese. 
The density of nulrients presented by the minerals stud- 
ied in fresh cheese for a male adult, with an energy 
contribution of 18OOkcaVday (NRC, 1989) is 1082% 
for calcium. 1 IG% for magnesium. 45% for potassium. 
S-21% for manganese and 307% for the highest and 
1475% for the lowest recommended allowances for 
sodium, which indicates that fresh Manchego-type 
cheese is a poor source of manganese and potassium. a 
good source of magnesium, an excellent source of cal- 
cium and a dangerous source of sodium for people 
with a cardiovascular risk. The consumption of this 
type of cheese may be a problem for persons with kidney 
disease (litiasis). 
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