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Effects of Two Enzyme-producing Yeasts on Volatile Flavor
Substances during Cheddar Cheese Maturation

LIU Min, HAN Wan, DOU Zhaoting, GUO Jingxian

(Vocational and Technical College of Inner Mongolia Agricultural University, Baotou 014109, China)

Abstract: In order to study the effects of two enzyme-producing yeasts, Kluyveromyces marxianus (M19) and Pichia fer-
mentans (M26) on the flavor of cheese, SPME-GC-MS and electronic nose detection were used to identify the volatile com-
pounds in Cheddar cheese produced without (control) and with Kluyveromyces marxianus (M19) and Pichia fermentans
(M26). The results showed that a total of 64 volatile compounds were detected across the three groups of cheese samples,
including 10 acids, 16 alcohols, 19 esters, 6 aldehydes, 8 ketones, 2 lactones and 3 others. Principal component analysis
(PCA) and cluster analysis of the detected volatile compound content and types revealed that the main volatile substances in
the cheese group with M26 addition were acids, alcohols, esters, and ketones. The main volatile substances in the cheese
group with M19 addition were alcohols, while the main volatile substances in the control group were alcohols. Compara-
tive analysis of key flavor substances based on relative odor activity value (ROAV) during cheese ripening showed that the
M19 group exhibited the highest number of volatile flavor compounds at 20 days of ripening, including acetic acid, isoamyl
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alcohol, n-amyl alcohol, ethanol, ethyl hexanoate, ethyl acetate, phenethyl acetate, ethyl decanoate, ethyl butyrate, and ben-

zaldehyde. In contrast, the M26 group at 30 days of ripening primarily contained acetic acid, isoamyl alcohol, n-amyl

alcohol, and ethyl hexanoate. Among these, ethyl hexanoate showed the highest ROAV in both treatment groups, indi-

cating it as the most critical flavor compound in cheeses fermented with enzyme-producing yeasts, imparting distinct fruity

and wine-like aromas. The odor of the M19 fermented cheese experimental group was strongest when the maturity period

was 20 days, indicating that M19 fermented cheese could more efficiently promote cheese flavor formation, shorten the

maturation period to 20 days, and help reduce production costs and improve efficiency. However, the flavor development

ability of M26 fermented cheese was relatively weak, which might lead to a single flavor and a long maturation cycle of the

product. These findings provide a valuable reference for the application of yeast in cheese production.

Key words: Kluyveromyces marxianus; Pichia fermentans; Cheddar cheese; SPME-GC-MS; electronic nose; flavor sub-

stances
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Fig.1 Proportion of various volatile compounds

in Cheddar cheese
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Table 1 Relative contents of volatile flavor compounds in cheese at different maturation stage
ARX 4 (%)

P lase

K-0 M19-0 M26-0 K-10 M19-10  M26-10 K-20 M19-20  M26-20 K-30 M19-30  M26-30
Al AN R - 0.9+0.10°  1.70+0.05* - - 0.20+0.03  2.40+0.04° - 2.02+0.05"  2.40+0.05" - 0.22+0.02°
A2 1EJKR - - 1.38+0.08 - - 0.21=0.01 - - - 0.33+0.03° - 6.34+0.04"
A3 IECR - - 1.38+0.02 - - - - - - - - -
A4 LR - - 6.79+0.09 14.36£0.06" - 7.66+0.06° 19.22+0.02° 1.68+0.08° 8.13+0.03" 7.50+0.02° - 4.35£0.05"
AS VR - - 1.22+0.02 - - - - - - - - -
A6 3-FRHE LR - - 0.42+0.02 - - - - - - - - -
A7 3-FIEI R - 0.23+0.03 - - - 0.16+0.03 - - - 0.10+0.01 - -
A8 7-Bil TR - - - - - 0.14=0.02 - - 0.18+0.05  0.12+0.02 - -
A9 73 - - - - - - 19.22+0.02° - 8.13+0.03"  4.35+0.05 - -
Al0 EiNiv - - 0.58+0.08 - - - - - - - - -
Bl b - 0.93+0.03° 0.41£0.01° 2.15+0.05° 0.69+0.09° 0.28+0.04° 2.44+0.04° - 2.01£0.01°  2.48+0.08 - -
B2 2-H ST - - 6.56+0.06 - - 1.11x0.01 - 0.70+0.05° 9.07+0.07° 8.40+0.03" - 2.26+0.02°
B3 S - - 4.66£0.06 3.72+0.02° 10.30+0.05° 7.80+0.02° 3.53+0.03" 11.98+0.03 - 2.94:0.04° - 6.28+0.08"
B4 IER AR - - 4.66+0.06 - 10.30+0.02° 7.80+0.10° - 11.98+0.04* 11.31+0.06° - - 6.28+0.04
BS 2,3-T A2 - - 0.27+0.07 - - - - - - - - -
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k1
AR & 5 (%)
i waEY
K-0 M19-0 M26-0 K-10 MI19-10  M26-10 K-20 M19-20  M26-20 K-30 M19-30  M26-30

B6 2- R - - 0.16+0.06 - - - - - - - - -
B7 3- -2 P - - 0.24+0.04 -
B8 6-H13E-2- e - - 0.24+0.02 - - - - - - - - -
B9 2-ZHEC - - 0.68+0.08 - - - 2.27+0.07" - 0.62+0.02° - - -
B10 g - - 4.21+0.01 - 1.35£0.05"  5.09+0.09° - 4.93£0.03° 11.52+0.02° - - 3.25+0.05
BI1 2- o B - - 0.30+0.05  0.46+0.06 - - - - - - - -
BI2 FNEE - 0.63+0.03 - - - - - - 0.12+0.02  0.12+0.02 - -
BI3 RS 1.20+0.02  0.820.02° - - - - - - - - -
Bl4 1- 32 - - - 0.25+0.05 - - 0.21+0.01 - - - 0.32+0.02 -
BI5 2-TH 3E-1- G - - - - - - 2.2740.05 - - - - -
B16 L - - - - - - - 36.59+0.04 - - - -
Cl IR R - - 2.94+0.04 - - - - - - - - -
2 WAL R T - - 3.88+0.08 - - - - - - - - -
3 SO OB - 0.16:0.06 - - 0.32+0.02°  0.36£0.06" 0.37+0.02° 0.36£0.06° 0.53+0.03* 0.58+0.03" 0.49+0.09" 0.39+0.09"
C4 LR - - - 0.33+0.03 - - - - 0.32+0.02 - - -
Cs BTN - - - - - - - 0.36+0.02 - - - 0.39+0.01
C6 GM:T@ET - - - 0.26+0.06 - - - - - - - -

SR
c7 A5 - - 0.22+0.02 - - - - - - - -

iR
C8 WIR TR - - - 0.19+0.04 - - - -
9 Rl - - - 0.33+0.03 - - - - - - - -

TR
C10 T R FH i - - - 0.26:0.06"  0.130.03" - - - - - - -
cl1 LR - - - - 1.30+0.05 - - 2.60+0.10 - - - -
c12 Z_L%;Mﬁw - - - - 0.32£0.02 - - 0.12£0.07 - - - -
Ci3 R LN - - - - 0.26:0.06 - - 0.95+0.05 - - - -
Cl4 LIRAR LR - - - - 0.48+0.08 - - 1.62+0.02 - - 0.50+0.05 -
Cl5 BER LT - - - - - - - 0.95+0.05 - - - -
cl6 S TR2-K MR - - - - - - - 1.62+0.02 - - - -
c17  3-ETHECRER - - - - - - - - - - 0.30+0.05
ci18 BRI 2 g - - - - - - - 0.62+0.02 - - - -
C19 TR - - - - - - - 0.22+0.02 - - - -
DI TmE - - 0.13+0.03 - - - - - - - - -
D2 2RI 0.26+0.06° B 2.43+0.03°  0.53+0.03* 0.33+0.03" - - 1.34£0.04° 2.51£0.01° 0.37+0.07° 0.31+0.01° 0.15+0.05
D3 IETEE - - - 0.49+0.01 - - - - - - - -
D4 R - - - - - - - 0.32+0.02 - - - -
D5 (3 - 0.410.01 - - - - - - - - - -
D6 L-(-)- s - - - - 0.12+0.02 - - - - - - -
D6 L-(-)-Hrys - - - - 0.12+0.02 - - - - - - -
El zﬁ%m@&nﬁ - - 0.670.07 - - - - - - - - -

3-fif]
E2 BRI - - 2.94+0.04 - - - - - - - - -
E3 3-F3E-2- T - - 0.24+0.04 - - - - - - - - -
E4 4-FRHE-2-T - - - - - - - 2.60+0.05 - - - -
ES5 4-HIR2-Of 1.0120.01°  0.45+0.05 - 0.62+0.02"  0.13+0.03°  0.24+0.04*  0.63+0.03 - - 0.62+0.02 - -
E6  S-AHENE-2- - B - - - - - 1.62+0.02 - - 0.42+0.04"  0.18+0.01°
E7 2- T 1.73£0.03 - - - - - 0.63+0.01 - - 0.62+0.02 - -
E8 8-FEHL-2- ] - - - 0.33+0.03 - - - - - - - -
F1 THRTEMER 0.19£0.04 - - - - - 0.28+0.08" - 0.29+0.01°  0.60+0.05" - 0.31+0.06"
F2 C-ZHET AR 0.23+0.03 - - 0.38+0.08"  0.13+0.03" - 0.28+0.03*  0.12+0.02° 0.29+0.05° - - 0.12+0.02
Gl L-N&EBH %R - - 6.56£0.06 3.64+0.04° 1.40+0.05 1.95+0.01° 2.27+0.03* 2.05£0.02° 0.20+0.03° 1.67+0.07° - 5.97+0.07*
G2 WU - - 6.56+0.01  2.52+0.02* - 1.95+0.05°  2.30+0.05" 2.05+0.05° 21.69+0.01° 2.22+0.02" - 5.97+0.02°
G3 FLEEE - - - - 45.05+0.05* 16.78+0.08" 34.07+0.07* 14.47+0.07° 26.60+0.01° 2.85+0.05" - 28.47+0.07*

: AI~A10RRZE; BI~B16AAES:; C1~C19MEESS; DI~D6NMESS; EI~ES NAHZE; FI~F2 A NRZE; G1~G3 Ry oAt ; K027 U4 HRZH 0 diliidudll; K-1027%5 4 HRZH 10 dRidd; K-
20975 AN IRZH20 dRZA; K-30 9728 W TRZH30 dAUt; M19-0 W M19SZEG24H0 dili 8l M19-10 M 19328620 10 dii 2 ; M19-20 M 19528652020 il 2udl); M19-30 M 195248620

30 dAASY; M26-0SM2652 55200 Ul M26-102M2652 5521 10 dildl); M26-20 M2652 564120 d)ik,

ANTEIRE Al 2H [ 22 57 i 35 (P<0.05)

S5 M26-30M26 52454130 dpl; A TAR/ING S-bE 3R ] —
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Fig.2 Electronic nose radar diagram of Cheddar cheese
at different ripening stages
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Fig.3 PCA of flavor compounds of Cheddar cheese
at different maturation stages

T 01~03 F/R A 0 d BFAY455R; 101~103 Rz 10d

A B 45 515 201~203 F7R Y] 20 d B AY 25 2R 301~303 Fon
G 30 d FEy4E

031

0.2 @

Clribe
Eiapg

0.1F

PC2 (20.0%)
[}

=02 -0 0 0.1 0.2 0.3
PC1 (23.3%)
B4 A [a]EAS S XUR oy o ey 1]
Fig.4 Flavor material load diagram of Cheddar cheese
at different maturation stages
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Fig.5 Cyclic heat map of flavor substances of Cheddar cheese
at different maturation stages

Fig.6  Circos diagram of the dynamic flavor compounds
of Cheddar cheese at different maturation stages
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HA5 85 XBR BTk 5 IEAHSE, 24 0.1 <<ROAV<I i}
TEARE & i B KUK R 1) T4 4E ., ROAV<0.1
DUPXFAE it XU S i LA B2, f 2R 2 AT, M9 KR %
TP SR A LH AE 20 d B H Y SR AR ) T B 22
AR ROAV K/NIUF, 4350 OB 2> T 1R . lis>
T8 20> 2R BE>5S 1R £ E>2K H > 2 B> 1E
TR > 2 1R, 2 10 B, DRI B R 2 TS 5 Y

F 2 A SEARHIISGA T RSO XA it ROAV 7344,

Table 2 ROAYV analysis results of key flavor compounds in Cheddar cheese at different maturation periods

Mokt Ao EOLRIE oA
(ngL)  K-0 MI9-0 M26-0 K-10 MI19-10 M26-10 K-20 MI19-20 M26-20 K-30 MI9-30 M26-30
7. LR 22000 - - 170 34.65 - 048 118 0.1 035 030 - 0.25
Ed i 500 - - 1325 - - - - - - - - -
S - 30000 - - 085 1392  0.54 036 016 0.5 - 0.08 - 0.27
EmE - 4000 - - 6.35 - 4.02 2.71 - 4.16 2.67 - - 2.01
LB LS 10000 - - - - - - - 5.08 - - - -
CiR 2l RA, 5 - - - - - - - 100 - - - 100
IR T IKRAT 340 - - - - 5.97 - - 10.62 - - - -
R RS 5 - - - - 8125 - - - - - - -
LIRH TR TEAR 250 - - - - 3.00 - - 9.00 - - 2.05 -
2R Tk SRS 200 - - - - - - - 6.60 - - - -
TR SRR 20 - - - - - - - 15.28 - - - -
IR Ak 85 - - 5.23 - - - -

TE: SRR B BT A oA £ 3 B s (A 5

ik https://www.vef-online.nl/2F 1, LK H BI{E 2%

s —FRAKL R
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