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Background and objectives: Cheese ripening is a complicated
process that involves the breakdown of cheese compounds via
proteolysis, lipolysis and other enzyme catalysis which causes
typical changes in cheese flavour characteristics. Lipolysis is one of
the most important biochemical reactions in cheese that through
formation of short- and middle-chain fatty acids and finally
converting them to flavour compounds such as methyl ketones,
lactones, secondary alcohols, aldehydes and thioesters.
Lipolysis plays an important role in cheese flavour and it also
accelerates cheese ripening. Consequently, in order to increase
cheese lipolysis in some cheese varieties, commercial lipases (of
animal and microbial origins) is used. However, excessive levels of
lipolysis may cause undesirable effects in cheese flavour, resulting
in cheese rancidity. There is scarce investigation regarding to
application of lipase enzymes (particularly animal lipases) in White
Brined cheese. Therefore, this research was performed to evaluate
the effect of calf and kid lipases on development of lipolysis in
Iranian-White Brined cheese and to determine the best kind (calf or
kid lipase) and appropriate levels of enzyme to produce a cheese
with an acceptable quality.

Materials and methods: In this research, Iranian-white brined
cheese samples were produced from fresh cow milk via enzymatic
(rennet cheese) procedure according to conventional method of
cheese making in Iran. After standardization of milk fat to 3%,
applying homogenization and pasteurization to it, the milk was cold
to 35 °C and the calf or kid lipases were added to the milk at levels
of 0 (control sample), 1.5, 3, 4.5 and 6 g/100 Kg of milk before
renneting stage. The extent of free fatty acids/lipolysis (acid value,
AV) and sensory scores (odour, colour, taste and texture) of Iranian-
White Brined cheese samples were measured during 90 days of the
storage (1, 7, 14 and 21 days) at refrigerator and free fatty acid
profile (FAP) analysis and microstructure assessment of cheese
samples were measured at the end of 90 days of the cold storage.
Analysis of fatty acid composition was carried out by gas
chromatography with flame ionization detector.

Results: The results showed that increasing the amount of lipase
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concentrations and storage time significantly caused an increase in
cheese lipolysis (p<0.01). Kid lipase introduced more changes in the
experimental parameters e.g, Fatty Acid Profile (FAP) and ADV,
although it had no significant effect on sensory attributes of the
cheese samples (p>0.05). Furthermore, based on FAP results, an
increase in enzyme concentration produced a higher low-, medium-,
long-chain and total free fatty acids (TFFA) (p<0.01). Even though
this increase was more obvious for low-chain fatty acids. Among
different treatments, control sample with 132.91 g/100 Kg TFFA
had the lowest and cheese sample containing 6 g kid lipase with
309.51 g/100 Kg had the highest TFFA at end of the 90-day storage
period. Sensory evaluation also showed that samples having lipase
enzymes had higher mean sensory scores in terms of odour, taste
and texture while compared to control samples (without lipase
enzyme) (p<0.001). Microstructure results of White Brined cheese
samples showed that by enzymatic treatment, an extensive lipolysis
had occurred which subsequently caused a significant reduction in
number and size of fat globules in the cheese structure. These
changes, due to formation of new cross-linkages between caseins
and casein network rearrangement, results in a condensed texture
and an increase in cheese hardness.

Conclusion: According to the results, by using 4.5 g lipase enzyme
(kid or calf, per 100 Kg of milk), |[White Brined cheese with
improved sensory characteristics could be produced. According to
sensory results, no significant differences were found between two
lipase enzymes, i.e. kid or calf lipases.

Cite this article: Jooyandeh, H., Hojjati, M. 2022. Impact of Animal Lipase Enzymes on Development
of Lipolysis in Iranian-White Brined Cheese during Storage Period. Food Processing and
Preservation Journal, 14 (4), 37-54.
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1. Accelerated ripened cheese
2. Pre-gastric
3. White pickled cheese
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9.Scanning Electron Microscopy
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18. Trans-10 octadecenoic acid
19. linolelaidic

20. Linoleic

21. Gamma-linolenic acid
22. cis-11-Eicosenoic acid
23. Heneicosanoic

24. cis-Eicosadienoic

25. Eicosatrienioc

26, Arachidonic

27. Tricosanoic

28. Eicosapentaenoic

29. Nervonic

30. Docosahexaenoic
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10. Undecanoic

11. Tridecanoic

12. Myristic

13. Myristoleic

14. Pentadecanoic

15. cis-10-pentadecenoic
16. Heptadecanoic

17. Stearic
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31. Enzyme modified cheese
32. Butyrates
33. Butanoates
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Table 2- Fatty acid profile (FAP) of cheese samples (g/100 Kg) containing different concentraions of kid goat and

calf lipases at the end of 90 days of storage at refrigerator

W S 5ed 5T sl A 5kd 5l sl B s
(et 510 50,9 (et A5 10 30,9 Nid .
. . o . Control RO
Cheese with calf lipase Cheese with kid goat lipase . .
(2/100 Kg milk) (2/100 Kg milk) (without — Fatty acid
g g lipase)
1 £/0 Ay \/o 1 £/0 Ay \/o .
44172 35.99° 34.09° 26.57°¢ 48.41° 36.87° 33.96° 28.24¢ 17.114 C4:0
38.82b 25.774 19.61¢ 14.19F 42252 33.28¢ 23.094 16.68°F 14.13f C6:0
22.52b¢ 20.38¢d 16.44¢ 14.93¢ 31.222 24.70P 21.53be 17.604¢ 15.18¢ C8:0
12.28 9.69¢ 7.114e 3.81¢ 14.40* 11.02b¢ 6.71¢<f 4.33fe 3.28¢ C10:0
23.01° 21.94%¢  20.66" 19.87¢d 26.982 23.04° 22.61b¢ 19.73¢ 16.49¢ C12:0
19.09%  18.032bc  17.53bc 11.484 20.042 19.59% 16.36° 10.954 10.324 Cl14:0
78.45% 67.60°¢ 54.324 42.71¢f 83.052 74.33P 56.084 46.19¢ 38.07F Cl16:0
19.552 17.75%  14.66% 13.98¢d 20.022 18.932 15.97b¢ 14.15¢ 12.304 Cl18:0
11.38° 7.96°¢ 5.61d 4.23¢f 14.16* 11.80° 7.414 3.05F 2.83f Cl18:1
9.37* 8.06% 7.11° 6.95bP¢ 8.98% 8.41% 7.90% 5.57¢ 3.204 C18:2
e ol S
105.51° 82.144 70.14¢f  55.69¢ 121.88* 94 .85¢ 78.58de 62.52f% 46.42h (C4-C8)
Short chain
x5 Ja e
54380 49.66%  4530°  35.169 61420 53650 4568  35.01¢ 30,000 C10Cl4H
Medium
chain
ey s
118.75% 101.37¢ 81.704 67.87°¢ 126.21*  113.47° 87.364 68.96¢ 56.40f  (C16-C182)
Long chain
JS Sl
278.64° 233.17° 197.149 15872  309.51* 261.97° 211.62¢ 16649° 13291 worsh
Total fatty
acids

Small letters in row indicate significant differnces (p<0.05)
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Table 3- Sensory scores of white brined cheese samples (g/100 Kg) containing different concentraions of kid goat and
calf lipases at the end of 90 days of storage at refrigerator

Sensory Scores g sla Ll VJJ-;T Slde
Enzyme levels sy e
Texture Taste Colour Odour (g/100 Kg Cheese treatments
milk)
8.02£0.47¢ 7.89£0.51°¢ 8.20£0.33* 7.82£0.45¢ 0 CM? |
ontro

8.33 £0.33ab¢ 8.13 £0.46 % 8.2510.32* 8.2310.49 b¢ 1.5
8.49+0.31 ¢ 8.4240.43 % 8.24 £0.46* 8.45 £0.42 3 iy sl
8.68 £0.48* 8.78 £0.42* 8.44 £0.54* 8.64£0.31% 4.5 Kid goat lipase
8.54 £0.45 8.46+0.29 % 8.28+0.36° 8.53 £0.50 % 6
8.16£0.32b¢ 8.07 £0.44 8.11£0.38% 8.10 £0.38 % 1.5
8.1940.46¢ 8.1440.38b¢ 8.29+0.44° 8.34 £0.39 % 3 JlsS 5l
8.4740.43 b 8.53+0.40% 8.34 £0.38* 8.55 +0.28 % 4.5 Calf lipase
8.28+0.39 ¢ 8.28+0.35 3¢ 8.32+0.29° 8.39 £0.48 % 6
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Small letters in row in column indicate significant differnces (p<0.05)
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34. Fingerprint
35. Rearrangement

Lol Jlasl wle 5638 Jae s oo i (o
s 0o AU e bl e S
o S (§Fp 5 bl sl opl (S sl o
s g e W;Tpe.u Sles slads ga
o500 w1 UL ol bodd e oy (slads s
s Los S 5l Scde L s sl
53 s Bl ad ey alie L OLLS T L
(Yoo X)) 0L 5 ST Gaios ] = bl
b i ST oy e ol e s
o i) (gutiien S 5l clale (5l L pKas
HQDIN TP FL o (YN PO WCEN S P v
(Y10) O 5 aloy @l bl o blie s
o) e sy gladisas oled o Lo S5
3080 0L L (sl L L s s 5L 5
J=B b :\ﬁu:.}L.ﬂ a3 A by s (6,1
23 o atan Al ool 5 B3 el e
syams MGl e 50 st UL o e
by g ek SodS Al el G 3. (YY)
53 o3t Jln L3 o 5, 40 0L L3 e
sdalte 5L 55l UL Cola Sl slaki s
s S ol Js a8 (cnl 0 635 5) @l:j) NURY
Sed o 31 ey Gl et 53 s (4 desy)
w5 b gl ol (Y0) il J g
Slrl ol aouly 5 ok CudS x5 LB sl o
a3k T 05D il e 0L sl e
(SIS 5580 0L 3 (e p SkS Y ee (ol
(w8 L I s 5L o S 870 e 5l esliza

338 o 4o 5
QLAY s 55 aS 680k 1y Sl g,
ged 5 S e Ol B 4 ccinl ol esls
5035 mezs Oloj SIS g glad kS (J 28
ol et s o |y g s sl S LSS



S Joe § A9 Crama | dawgi g (Slo S G w231 (65 54 5L

SEM MAG: 5.00 kot
SEM HY: 10.00 k¥
Date(m/diy): 08/05M18 Vac: HWac

Det SE

SEM MAG:5.00 kat Det SE
SEMHV: 10.00 kv WD: 18 6000 mm
Date{midiy): 09/05/13  Wac: Hivac

20um

WD: 17.9770 mm

7
VEGANTESCAN

RMRC n

SEM MAG: 5.00 kx
SEM HY: 10.00 kv
Date(m/di): 08/05M 8 Vac: Hivac

VEGAN TESCAN

RMRC n

Det SE
WD: 16.7850 mm

WEGAN TESCAR

RMRC!

20 pm

@S b dlny s 61085 505 80 Sde DL L3 U T b edd Sl (K0T iy sladiges Sl lup, psas =) JSS
eéu"‘-‘u‘:)yﬁ.\ir;j.;\" 6|)|44)4.‘L9J.\343L~‘,§)‘?_.\¢;.\ Sl a9l gq_ﬁjda(C}B dald &gl (A.ﬁlﬁmn

(65‘*“}:?, 33

Figure 1- microstructural images of white brined cheese samples treated with animal lipases at the end of 90 days of
storage at refrigerator at 500 magnification level. A) control sample, B and C) are cheese samples containing 6 g kid
goat and calf lipases per 100 Kg milk used for cheese making, respectively
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