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Fat Modification in Afuega'l Pitu Cheese During Ripening 
by Capillary Gas Chromatography 
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Free and esterified fa t ty  acids and the major groups of 
triacylglycerol in Afuega' l  Pitu cheese have  been iden- 
tified and quantitated over a maturat ion period of 60 d 
by capillary gas chromatography. Levels of lipolysis were 
sl ight at the end of ripening, with  a total  free fa t ty  acid 
content  of  5604 mg/kg of  cheese. At  the same time, the  
short-chain esterified fa t ty  acids and short-chain tri- 
glyceride contents  decreased slightly. 
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temperature injection (PTV), triacylglycerol. 

Milk fat represents one of the most complex mixtures of 
natural fat ty acids as glycerol esters. The great variabil- 
ity in composition is mainly a function of feeding and lac- 
tation. The fatty acids range in chainlength from C2 to 
C24, with odd carbon numbers and unsaturations from 
one to four double bonds, including cis and trans isomers 
(1-3). 

Traditional farmhouses have developed a number of dif- 
ferent cheese varieties in Spain, including soft and hard 
cheeses, acid- or enzyme-coagulated, and cheeses ripened 
by molds or lactic-acid bacteria (4). Afuega'l Pitu cheese 
is a semisoft cheese produced by artisanal methods in the 
north of Spain (Asturias). 

Interesting data have been published about blue (5,6} 
and goat cheeses (4,7) concerning free and esterified fatty 
acids in artisanal Spanish cheeses. However, work in rela- 
tion to the triglyceride fractions is lacking. 

In the present study, free and esterified fatty acids and 
the major groups of triacylglycerols have been identified 
and quantitated in Afuega'l Pitu cheese during ripening 
by capillary gas-liquid chromatography columns (GLC) 
and programmed temperature injection. 

MATERIALS AND METHODS 

Cheese samples. Four batches of artisanal Afuega'l Pitu 
cheese were made according to traditional cheese-making 
methods at two different farms in Asturias, Spain. Raw 
cow's milk was coagulated by means of natural acidifica- 
tion and addition of calf rennet during an 18-20-h period. 
The curd is placed in cotton to drain and then is mixed 
with salt, molded without applying pressure and ripened 
at room temperature 118-20°C) for 60 d. Cheeses were 
removed for analysis at 3, 7, 15, 30 and 60 d of ripening. 

Milk fat. Fats for determination of free and esterified 
fatty acids in cheeses were extracted according to the 
method of Martin-Hern~ndez et al. (8). 

Fat samples for triglyceride analysis were extracted 
with hexane, filtered with sodium sulfate and concentrated 
on a rotary evaporator at 40-50°C. A solution (0.2 ~L) 
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of 0.05% in hexane (wt/vol) was injected for gas chro- 
matographic analysis. 

Chromatographic analysis. Preparation of the methyl 
esters of fatty acids of the glycerides and the free fatty 
acid (FFA) fractions was performed according to Martinez 
Castro et al. (9). The GLC analysis was carried out by pro- 
grammed GLC with a Perkin-Elmer 8600 gas chro- 
matograph (Norwalk, CT), a FFAP-CB fused-silica column 
(25 m × 0.25 ram, df: 0.30 ~m) (Chrompack Int., Middel- 
burg, Netherlands), a flame-ionization detector and a pro- 
grammed temperature injector (PTV) and flow splitter. 
N2 was used as carrier gas. 

Triglyceride analyses by carbon number were performed 
in the same equipment with a WCOT fused-silica capillary 
column 125 × 0.25 mm) coated with TAB-CB (dr: 0, 10 ~m) 
(Chrompack). Experimental chromatographic conditions 
were initial column temperature 280°C, hold for 1 min 
rising to 350°C at 3°C/min. Initial PTV split injector 
temperature was 50°C, raised to 350°C in 10 s. Helium 
was used as carrier gas. 

RESULTS AND DISCUSSION 

Separation of total triglycerides has been accomplished 
directly by GLC of the fat. Figure 1 shows the GLC pro- 
file of milk fat triglycerides of Afuega'l Pitu cheeses, which 
were essentially resolved by acyl carbon number. The com- 
plex chromatographic elution patterns of the triacyl- 
glycerols into several groups of molecular species is due 
to the characteristic compositions of the milk fat and the 
molecular associations of the fat ty acids. The reproduci- 
bility of the analytical triglyceride analysis was studied 
by repeating the gas chromatographic analysis five times 
from a cheese sample. The coefficients of variation (CV) 
of the different groups of triglycerides are shown in Table 
1. There are some differences in the CV between triglycer- 
ides with short, medium (C26-C46) and long carbon 
chains (C48-C54); those differences can be attributed to 
losses of triglycerides by thermal degradation of the un- 
saturated fatty acids I10). The application of response fac- 
tors permits a more accurate quantitation of triglycerides. 
Triglyceride compositions of Afuega'l Pitu cheeses after 
3, 30 and 60 d of ripening are listed in Table 2. The tri- 
glyceride groups C26 to C34 showed a small decrease dur- 
ing ripening. The group C34 had the largest decrease, with 
values from 7.11 to 6.56 at the end of the ripening period. 

Table 2 shows the average FFA composition for four 
batches of Afuega'l Pitu cheese during ripening. Total FFA 
increased from 1528 mg/kg in the 3-day-old cheese to 5661 
mg/kg at the end of ripening; 25% of the total FFA con- 
sisted of short and medium fatty acids (C4-C12). The FFA 
contents were slightly higher than those reported by Woo 
et al. Ill) in soft and semisoft cheeses, but considerably 
lower than those observed in mold-ripened cheeses (5,6} 
and in artisanal Spanish hard goat cheeses, which dis- 
played values of 32,000 mg/kg at the end of ripening (4). 
This result was attributable to the utilization of unpurified 
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FIG. 1. Capillary gas-l iquid chromatography (GLC) profile of major groups of triglycerides in Afuega'l Pitu 
cheese. Peaks are identified by their carbon number. GLC conditions: see text. 1 -- C26; 2 = Cholesterol; 
3 = C28; 4 = C30; 5 = C32; 6 = C34; 7 = C36; 8 = C39; 9 = C40; 10 = C42; 11 = C44; 12 = C46; 13 = 
C48; 14 = C50; 15 = C52; 16 = C54. 

TABLE 1 

Average Triglyceride Composition (C26-C54) and Coefficient of Variation (CV) in Afuega'l Pitu Cheese Fat During Ripening (3, 30 and 60 d) 

Component (%) 

Days C26 C28 C30 C32 C34 C36 C38 C40 C42 C44 C46 C48 C50 C52 C54 

3 0.30 0.70 1.43 3.22 7.11 11.46 13.08 9.14 6.82 7.26 7.75 9.14 10.43 8.42 3.74 
30 0.28 0.66 1.34 3.10 6.72 11.37 12.98 9.30 7.02 7.38 7.86 9.28 10.61 8.40 3.60 
60 0.24 0.63 1.28 3.05 6.56 11.40 13.02 9.35 7.09 7.42 7.81 9.40 10.51 8.58 3.66 

CV 1.2 1.8 1.5 2.7 2.6 3.1 2.4 3.1 2.9 1.9 2.8 6.7 4.0 4.1 5.6 

r enne t  pas t e s  ob t a ined  by  m a c e r a t i n g  s t omachs  conta in-  
ing  high a m o u n t s  of p regas t r i c  es terases  {12}. Table 3 
shows the  percentage of fa t ty  acids as methyl  esters deter- 
mined  by  GLC in  Afuega ' l  P i t u  cheese d u r i n g  r ipening.  
The  shor t -cha in  f a t ty  acids '  c o n t e n t  decreased s l igh t ly  
d u r i n g  the  different  s tages  of r ipening.  B u t y r i c  and  
caproic acids showed values  of 3.91 and  2.65% at  the  
b e g i n n i n g  of r i p e n i n g  and  reached a pe rcen tage  of 3.34 

to 2.16 a t  the  end. Capric acid decreased from 1.74 to 1.34 
d u r i n g  the  same  period. 

F rom the present  study, it  can be concluded that ,  in  this  
t ype  of cheese m a d e  from raw milk, the  l ipid f rac t ion ex- 
per ienced s l ight  hydrolysis ,  due  m a i n l y  to the  ac t ion  of 
the  bac te r ia l  l ipases  or l ipases p resen t  in the  commercia l  
p repa ra t ions  of mi lk -c lo t t ing  enzymes,  which yie ld  a 
l imi ted  a m o u n t  of FFA. 
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TABLE 2 

Average Free Fatty Acid Contents (mg/kg) in Afuega'l Pitu Cheese 
During Ripening (3-60 d) 

Ripening (days) 

Components 3 7 15 30 60 

C4:0 90 117 182 342 434 
C6:0 65 79 110 141 228 
C8:0 78 94 119 168 194 
C10:0 81 109 154 254 329 
C12:0 83 98 136 210 219 
C14:0 226 288 466 496 886 
C14:1 37 42 44 66 58 
C16:0 303 373 551 1009 1187 
C16:1 51 54 59 78 80 
C18:0 119 170 241 517 603 
C18:1 327 417 577 117 1233 
C18:2 68 74 91 113 153 

Total 1528 1915 2730 3511 5604 
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