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Abstract: Traditional Egyptian cheese has a long history and holds an important place in the local culinary culture.
However, systematic studies on the flavor compounds, microbial community structure, and their interrelationships in
traditional Egyptian cheese remain limited. To ensure quality stability, this study systematically analyzed the characteristic
flavor components and microbial community compositions of Mish and Karish cheeses by determining their
physicochemical properties, organic acid content, and free amino acid content using headspace solid-phase microextraction
gas chromatography-mass spectrometry and high-throughput sequencing techniques. The results showed that both were soft
cheeses with high protein and low fat. Eight organic acids were detected, with lactic acid (70.54%) being the predominant
component. Sixteen free amino acids were identified, of which essential amino acids accounted for 60.51%. Volatile
compound analysis identified 86 volatile components, with 29 recognized as key aroma compounds (odor activity value
=1). Among these, 2-nonanol, ethyl octanoate, ethyl decanoate, and ethyl hexanoate were common aroma compounds
across all samples and formed the core aroma profile of traditional Egyptian cheeses. High-throughput sequencing revealed
that the bacterial communities mainly consisted of Lactobacillus and Streptococcus, while the fungal communities were
dominated by Kodamaea, Dipodascaceae, Torulaspora, and Metschnikowia, of which Torulaspora exhibited higher
abundance in Karish cheese. Spearman correlation analysis indicated that Weissella and Kodamaea were closely associated
with the development of cheese flavor, showing positive correlations with various amino acids, organic acids, and volatile
compounds, and negative correlations with 2-dodecanol, 2-heptanol, isoamyl acetate, and ethyl acetate. Additionally,
Streptococcus, Lactococcus, Candida, and Kluyveromyces also contributed significantly to cheese flavor development by
participating in the synthesis of tartaric acid and certain ethyl esters. These findings provide novel insights into the
microbial-driven flavor formation mechanism and a theoretical basis for screening industrial starter cultures and flavor
regulation in traditional Egyptian cheese.
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Table 1 Sample information of traditional Egyptian cheese
FEAR G5 HuIX A4 Wiy
Cco Cairo Mish cheese
MO Monfya Mish cheese
QO Kalyobia Mish cheese
Ccw Cairo Karish cheese
MW Monfya Karish cheese
QW Kalyobia Karish cheese

1.2.2 HAEPEFRMIE  KSFAMIE 22 GB 5009.3-
2016 E S /K S BN 5 s B P10 3 i T e 23
GB 5009.5-2016 & AR BRI D; AR & =i
M52 22 GB 5009.6-2016€ & & 71 A8 7 i I 72 )
pH Iz 225 Xu 850 (2, W 5 1 P2 188 7K DA
1:10(g/mL) (Y LL R A345) 5 FH pH 3 HRE S
1.2.3 AHLERME HEFIFREL 0.3 g WIESEES, A
4 mL 0.01 mol/L MR I IRIEIR =], 8000 r/min
B0 10 min JFE_E VSR EE 0.22 pm 3E BRI 38 S5
B, O35 251 Agilent Zorbax SB-AQ 1 (4.6 mmx
250 mm, 5 um); ##E: 35 °C; HishtH: V(0.06 mol/L
KH,PO,) : V(H )= 97:3, @5 ik 4 pH2.8; Jit ik :
0.8 mL/min; FEAE T : 20 pl; EEAME I g, A5 B4
210 nm'"?, HPR | DIEREE . AR . SEREL . FLIR .
W ATAEEIR S B FATR bR v i I ) G 2R 271 9 PR e I
PIBRMEGS W, 28 0.22 pm JEIE T 8 f5 HEAE, 2R RS A
0.005~0.5 mg/mL.,
1.2.4 VFESESLIRIE  AETFREL 0.2 g B, IIA
2 mL 50 g/L (YT 3L /KA RIS W LI 28 11 BT FIIK, 754
BEIRA1S 4 °C B i7" . 8000 r/min B5.0> 10 min
JEHU L 0.22 um BERGT IR IS VERE . R4 H
R IFERL ST HAXAE 440 n (JHZE L) A1 570 nm 4b 3k
AT RT3, 58 G b XA S 04 U S A AL R U i RN
18 Fhr vl S FEAR IS, XTAE & P e 2 3R U A T
REPEFIRE S5

F) FH 725 W 75 B {H ( Taste Activity Values, TAV)
PR A HLIER FIHT 25 S IR X 35 AL S W T35 R (A 52
Mt 24 TAV =1 B, AR 0 X RE 5 2GR
Tk, ARPE A (DT TAV,
BRI

TAY = SRR B

A (D

1.2.5 FERMER S E SR TUAs [ AH ik 2R 3L
(Headspace Solid-Phase Microextraction, HS-SPME )
LRS- gV (GC-MS) XHRE & AR 3 &1 ik,
Sy TINAE -

FEMALERT), HEFRFREL 2.0 g FE5 T 20 mL Thiss
JHEHR, A 20 pL 2-2£ (100 mg/L) AR, F-FHZR P
WIm TR . FEREA 60 °C /KT 30 min J5,
il A SPME £ 4EFE B4 TF 60 °C R 30 min, Bf
Ja SRS ZE GC-MS JERE 4347 .

GC 4 1F: 4% 41 : DB-5MS & 41 45 {4 3% 4%
(30 mx0.25 mmx0.25 pum); /< =4l E S, Wik
1 mL/min; JFRE IR EE: 250 °C; AL DT =X N4t
B IR W RIEE 40 C £ £F 4 min, DX
4 °C/min JHEZE 100 C £ %F 2 min, L4 3 °C/min
FHEZ 180 °C, )5 LA 10 °C/min FHE ZE 230 °C £
¥ 2 min.

MS &5 B FEHE T IR (ED, 587 EE
230 °C, HB RS 70 eV, ARHZIREL 250 °C, Britfd
H57EFE m/z 30~500,

SEMEE BT AL W aa Ik NIST17 ArifEig e
(PECACE>80%) Lb Xt &, AR E &, FRPE A (2)
TR PR

FERME RS B B (ng/kg) =
B PV THI AR y NFRY) & 2 (ng)
WFRPIIETIRR B SR & (ke)

FIEEE (Odor Activity Value, OAV) it
OAV HT bW B TR, ARIEA
(3)i1455 OAV,
R A & B (ug/ke)

= (2)

OAV = — - (3
RSV R B (E(neg/ke) ot
1.2.6 DNA #i2H¢. PCR §" 3 Kyl Bby iR 53

TAEZHE g H AW E 2R A R AR SEk. 2R
F E.ZN.A.® soil DNA kit i85 &, $4 R E/ETFNHE
HURES BN DNA L i85t 1% FYZRHEHER IS HL 1R ARSI 4
A DNA i, 11 NanoDrop2000 jlll i DNA ¥«
ALl X4, %A 338F(5-ACTCCTACG-
GGAGGCAGCAG-3") fll 806R(5'-GGACTACHVG-
GGTWTCTAAT-3") Xf 16S rRNA F:[H 1) V3-V4 7]
AR HEATY R . X T E R, SR ITSIF(5'-CTTGG-
TCATTTAGAGGAAGTAA-3") Fll ITS2R(5'-GCTG-
CGTTCTTCATCGATGC-3") %} ITS1 rDNA X ik i}
1P 14, PCR P 3845440 . 95 °C THAEME: 3 min; K
JEIHAT 35 DEF Y HE N (95 °C 30's, 55 °C 30 s,
72 °C 45 s); fJ5 72 C FaSELEfH 10 min, %
57 & NEXTFLEX® Rapid DNA-Seq Kit i1 73C)%
%k, F)H Illumina Nextseq2000 )7 5 X} DNA
R BT AT o ARYE Overlap G Z8 5% B R 4G
WA R 5B A T P, [ B X 2 o A 7 o s Al
W8, XOMREA G AT Z RS T ORI S50 53T o
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1.3 HuEAIE

SCEGEIR 3 NEE, SR U EHREZE RN .
>R FH SPSS 26.0 #x{FiEA 7 s R 2 7 2245307, Il il
Duncan 2 5 L i 56 i 25 M (P<0.05) . Fdis T
WAL Origin 2021 SEER, T4 /4= ¥ ZFEVE ST BT e 56
W) = F- 5 (https://cloud.majorbio.com) F #47,
Spearman AH J&PE 43 AT FEBE )1 £ ¥ = °F & (https://

www.omicstudio.cn/tool)_5& %,
2 HERESH
2.1 BACMHERSH

B RALGG WS BRI 2 25 SR an3. 2 . W5
% 135 pH R 4.37, K453 F i 70.94%, B H & &
51.38%, 5 SCHRHIE—E7'Y, Mish Wi A9 pH 2
F 5T Karish P31 (P<0.05), iZ 22 5 )4 I TR A%
S b e R 17 O 20 S AE FH NI I 1R 284 A
7 A K W LR S A 0T, AT 238 pH KT
w0, FEIK ST AT L, PRSI IS YR AR W I,
{H Karish Wi i REK M . BEEA S ESPT RS,
Karish 93 I (4 25 (1 & & 0. 3% = T Mish 93 % (P<
0.05), —F5r 35 53.68%+0.62%~58.23%+3.52% Fl
45.53%+0.72%~49.93%+7.22%., Mish I Ji% 55 4 (14
A, SO TR R R VE S s A o RN
SHEMRPY, pr LB B AR BAR . MR B 4T
715, Mish W3l H A B BB, 1 Karish D51 50 B AE
E R AHXTEAR, S 3.94%+0.76%~10.39%+1.11%.,

2 BRBALGYsE ) BACREE

Table 2 Physicochemical characteristics of traditional

Egyptian cheese
[ZaTE ey pH K53 (%) BT (%) AR (%)
co 4.7240.02°  70.12+3.63" - 49.93+7.22%
MO 4.51£0.02°  67.05£0.24™ - 46.68+0.08™
QO 4.74+0.02°  64.93+0.21° - 45.53+0.72¢
CcwW 4.01£0.03¢  76.15£0.21°  10.39£1.11*  54.23+2.08®
MW 3.98+0.05¢  73.90£0.19"°  6.65+0.56"  53.68+0.62
QW 426£0.01°  73.48+0.58"  3.94x0.76°  58.23+3.52°

s RN 5 B 5 [ B 2 5% 5. (P<0.03). BRpHAK A & A,
FAH bR T I, = oA

XGRS AR EEHA DG, HRKIE 5 5%
B R A ARG OC, FLASTERAE Y Al
VE R 85 43 £ A Big 0 18 0 HEIEh 328 1T B 5 Ak R I
P . PR A5 XU o>
2.2 BB

W v A HILIR 352 El LR B R R B AT
FEr, R L U VR T R T, PR B R R
M HEHA Z IR, AREREANT M . B R XU R HE
FHEASP, sk 3 FroR, Mish Y3 b Aa HLER B2
(55.78~70.19 mg/g) B & = T Karish W% ##% (35.40~
40.66 mg/g) . FLIE 5 L 70.54%, PSS iy 3=
FEAHUR . FLIR IR 555, Wsay FLEF, th LR P
TOBERE AR A QUL ™ A, AEWs AR w0 n] H ]
ANRMAEYAERD, SERBRMBEFRIK Z., &
A 9(1.3120.15)~(10.78+0.65)mg/g F1(0.41+0.04 )~
(7.88+1.21)mg/g. FEIRMR IR IR KB HL, BRFHIMR
MTRREEIRIL 1T, AT A N R 283 SRR | T e
Sy IR SRR I, H .5 5 H A Sy BN A= R .
RSB S R WL IR, (B AR ZE b & AR
1%, 12.(0.63+£0.05)~(3.84+0.33) mg/g. ELIE. PNERNE
FIFTASEER (1) 2 B [l ARE AR, T T8 A R 1) & e 2, 76
CO. MO. MW F1 QW &8£S i BR K i . @it it
FBERIE FEME(TAV), 13H 5 Fh TAV=1 19 C5EA
PLER, 43 ) R FLIR . SESRIR . JRFAMR . LR AV A
iR o 3 5 R XF PR IS 07 I 14 1% R DT MR 22 S Wl 3
Mish WM LASE SR L (22.12) . FLEL(14.91) . BEFARR
(6.06) FN 2,152 (3.03) Sy EFEE R S5; 11 Karish D595
M LAZLER (12.09) FISERER (6.5 1) Sy S IR FEA
23 HEIERST

U 125 S BT S % s AU TR Jlt b i) S A (0, 1T
VENFEE R, =56 mEF Rk, H
T E, AREREF A FEAEA T 4N o-ER, o
P38 3o o8 82 S N T e AR R I, TR BB — Rl i Iy
P, WD) S BR AL R NV T RS . TR 4 s, S
YK EAG HY 16 Fhiif s 2 2, JLrh Mish 4515 197
B MR S (5575.24~11018.95 mg/kg) B i i T

®3 BREAETIBE A YIRS

Table 3 Content of organic acids in traditional Egyptian cheese

i (mg/g) TAV

APLRR  HfE (mg/g)!"

COo MO QO CW MW QW CO MO Q0O CW MW QW
HR 5 0.35£0.02°  0.76+0.72®  2.64+0.25* 0.01+0.00° 0.04+£0.02° 0.05£0.03* 0.07 0.15 053 000 0.01 0.01
AR 0.41 - - 1.41£0.90°  0.43+0.09° - - - - 344 105 - -
PITRRR / 1.1240.14*  0.87£0.04°  0.27+0.03¢  0.50+0.05°  0.55£0.05° 0.13+0.01° - - - - - -
LR 2.60 38.29+0.74 33.37+1.30% 44.62+2.66° 29.83+3.71° 3524+£2.70° 29.23+0.94° 14.73 12.83 17.16 11.47 13.55 11.24
2R 1.20 3.5640.11°  3.51+0.12°  3.84£0.33" 0.63£0.05° 1.04+0.01° 0.73£0.01™ 297 293 320 0.3 087 0.6l
FriERR 3.10 2.0240.13°  1.2440.06° 2.01£0.16° 0.26+0.04° 0.24+0.00° 0.19+0.00° 0.65 040 0.65 0.08 0.08 0.06
BEFIRR 1.06 6.16£0.39®  525+0.36®  7.88+1.21° 0.41+0.04° 0.86+0.62° 3.76+2.49° 581 495 743 039 081 3.55
R 0.41 8.91+0.84" 10.78+0.65° 7.52+0.83" 4.00£0.52° 2.69+0.04% 1.31+0.15% 21.73 2629 1834 9.76 6.56 3.20
sNa 60.41 55.78 70.19 36.07 40.66 35.40 - - - - - -

T AF/NE FREFOR T8 22 57 .35 (P<0.05), /" Rm RERIBIHE, “—"FRmAK, F4, K5,
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Table 4 Content of free amino acids in traditional Egyptian cheese

. ( B . FiE (mg/kg) TAV
mg/kg) Cco MO QO CwW MW QW CO MO QO CW MW QW
ETERNI] 400 608.52+18.18"  615.20£12.54° 1235.35£14.26" 66.69£1.86° 115.40+4.47° 117.10£1.70° 1.52 1.54 3.09 0.17 0.29 0.29
T it 2R 300 387.92+12.70°  373.0048.29°  702.01£6.28"  42.85+1.68  59.88+2.95¢ 137.84+3.52° 129 1.24 2.34 0.14 0.20 0.46
SSeE R 900 511.53£15.12°  531.64£9.49° 1051.39+10.03° 35.75+1.817  78.63+5.86° 101.33+1.50° 0.57 0.59 1.17 0.04 0.09 0.11
SERIR 1900 1340.71+43.90° 1267.96+26.65° 1894.79+8.11* 165.01+5.64" 217.03£8.09° 453.14£13.42¢ 0.71 0.67 1.00 0.09 0.11 0.24
1 R 910 82.78+3.19° - 388.95+2.31° - 13.98+0.52¢  26.82£1.67° 009 — 043 — 0.02 0.03
WNER 900 706.12422.81°  626.71£14.45°  97831+4.75° 136.48+4.36" 149.59+4.75° 255.18+3.08° 0.78 0.70 1.09 0.15 0.17 0.28
LAt 500 34.49+1.58"  31.24+1.48  14.40+8.62°  9.78+0.75°  7.23+2.89° - 0.07 0.06 0.03 0.02 0.01 -
IR 3672.07 3445.76 6265.21 456.56 641.74 1091.41 - - - - - -
IR 2600 10.14£0.20°  43.35+0.34°  249.61+3.31°  74.40+2.13° 115.41+£7.10° 63.38+5.19° 0.00 0.02 0.10 0.03 0.04 0.02
225 R 1500 21.67+0.35° 61.99+1.46°  280.62+4.88* 123.91+4.07° 105.92+4.33° 127.45+20.22° 0.01 0.04 0.19 0.08 0.07 0.08
EA A 1300 110.4142.87°  139.94+£2.73"  206.93+2.68°  45.92+1.60" 61.37+3.32° 99.82+4.26° (.08 0.11 0.16 0.04 0.05 0.08
AR 600 935.54+26.97° 1397.62+24.51° 2104.01+25.38" 156.40+4.75° 137.18+6.26° 216.10+5.83¢ 1.56 2.33 3.51 0.26 0.23 0.36
Atk 1077.76 1642.9 2841.17 400.63 419.88 506.75 - - - - - =
RARR 1000 6.8120.13¢ 9.36£0.30° 60.67£6.41°  57.79£1.67°  71.94£6.19° 192.82+39.49° 0.01 0.01 0.06 0.06 0.07 0.19
BB 300 47.02£0.77°  48.18+0.61°  150.12+4.70°  49.82+0.43° 338.55+11.59" 49.89+0.30° 0.16 0.16 0.50 0.17 1.13 0.17
fif i 53.83 57.53 210.79 107.61 410.49 24271 - - - - - =
PUE=NI 500 5234181 46.86+0.80%  571.23+3.78" 208.65+5.94° 231.48+10.15° 36.04+1.27° 0.10 0.09 1.14 0.42 0.46 0.07
eV 3000 340.5248.72°  227.13+2.84°  534.37+6.11° 116.88+2.01° 145.33+520% 64.17£1.517 .11 0.08 0.18 0.04 0.05 0.02
kDR / 378.71£12.76" 385.44+7.51°  596.18+7.33*  6.91x0.23°  7.01x0.82¢  47.01%l.16¢ - - - - - -
Touk 771.58 659.43 1701.79 332.45 383.83 147.22 - - - - - -
Bt 5575.24 5805.63 11018.95 1297.24 1855.95 1988.09 - - - - - -

Karish #51i%(1297.24~1988.09 mg/kg) . XFhIZ 5
Mish @31ig BT # b, 28 A BT A W AN i 46 H
T RAEREOKA P, X 5 2.1 5 R E A
TR . E R URARIE T T, Mish B9 IR 2 5t
1% 5 . 60.69%, /= T Karish (¥ 41.56%., Karish %}
P P BRI R 2 LR 4350 5 LE 26.33% Al 14.21%,
=T Mish PIl& Y 24.47% F 1.29%, A H7 £ 1
BHEEDR . AE Y FRE4 T 1, PSR Hh R R 2R
HEERR . AR . e d iR . RNER . S22 R A
TR 7 PhbFR = IENR, S L 60.51%, BRI
I FEME . ILAh, AR & h e SR P S T e 2=
5, TERESD MO Fil CW HRRAG H S &R, QW HP K
!Hﬁﬁﬁﬂﬁmﬁ%fﬁxg‘a% 2 sE I, 52
LR FP IS R 2R BEZE VA G . W3R 4 i,
Mish @& K Y 7 Bl TAV =1 0 SCEE 2 R 2 217,
SR ERE . HIMERR . e a R . e AR KN
IR . W& MRFARERL . H L2 T, Karish ﬁ}ﬁﬁﬂ&
Rz 1 FpoCER R R EILIR, IR AR .. EAEFEE
S, [ Mish W& h iy 4212 (1.52. 1.54, 3.09) . EP'
Z PR (1.29. 1.24, 2.34) IR (1.56. 2.33. 3.51)

JIL
G, Higy 5 Fh & FEBRAAE — D FEAR PR H TAV K
F 1. Mish 3% P @& RS B i & R 2 75K, it

SNEARBITHRA EAE, A ss 7 HA R
25 BT, PSS AR Ol S IR R IR 1 AP 2 K Sy
AR _EATAE 35 2857, 30 P ECH USRS AIE A [A] () B 22
JEIAL

24 EBAMCEMSH

2.4.1 HRMACEWHE I SR sk 5 i,
Py i At 86 i &k M B Ay, A HE 13 P .
12 FiiR . 7 FOEEER . 51 FPERLL K 3 FhHAMZS, 454G
1 AN, Mish 5 % o #2 & PR SR S BT W s T
Karish WiHg, —F 4B 75 FhA 44 B, SR
AT RMEY)T 13 Fh, 445 2-T-BE. AROBE. FIR .
FIR MR AAERR W . 2R LTE. TRRAAR. 2
ZFR. RS ER  ZSIRINER . CLIRDIHR . AR 2,
FEAN 9-Z 0718 2.1, BRI AE b 5 32 Sehbpv .

A 60 e B 30000
50 = i B 25000
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Types and contents of volatile compounds in traditional
Egyptian cheese

T (A RV, (B AV B &
Bs W) o 43 M 7, Mish W& & A 11 Fhiis, S
Y88 1576.45 pg/kg; Karish Wil& 254G 8 Bz, 714
i 2992.43 pg/kg, HEM Karish @515 H B2 & &

Fig.1
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Table 5 Content of volatile compounds in traditional Egyptian cheese
. P
F5  cas AR ( 'ﬂdﬁm A veke)
pg/kg) co MO QO cw MW QW
1 10203-28-8 2-+ 41 - - - 66.17+12.13 - 41.98+0.51
2 108-82-7 2,6-—MRL-4-BEEE 1300 - 20.15+1.63 - - - -
3 111-87-5 1R 125.8 6.49+1.79 - 11.84+2.55 - - -
4 123-51-3 S 4 174.82+42.6 - 232.84+342  873.03197.93  913.65+56.61  1983.54+143.46
5 143-8-8 1- TR 50 - - 10.56+1.29 6.42+1.77 - -
6 513-85-9 2,3-T B >100 - 42.53+31.29 - - 172.58+22.33 -
7 543-49-7 2- P 65.235 - - - 115.22+34.32 - 95.58+6.12
8 562-74-3 4-it A 1200 120.00+31.81  88.58+10.56 83.36+9.50 - - -
9 628-99-9 2- T 58 81.94+22.28 38.85+1.19 09.17+15.88  741.48+103.91  40.81+3.51 271.18430.30
10 71-23-8 T 8505.6 1121.67+681.94 828.07+855.83 877.97+141.52 - 2844.52+1788.03 -
11 77-53-2 FAA 0.5 - 12.98+3.31 - - - -
12 78-70-6 iy 0.22 - - 54.28+7.95 - - -
13 60-12-8 LW 564.23  436.93+133.18 289.11£25.54  97.21+24.84  60.61+4.91 20.95+0.06 729.57+72.65
[[EES 1941.85 1320.27 1467.23 1862.93 3992.51 3121.85
14 107-92-6 T 2400 110.15+£59.23  265.00+81.19  350.58+114.24 - - -
15 111-14-8 B2 640 93.88+63.87  63.77+65.14 - - - -
16 116-53-0 2-HIETR 5800 - 36.26+0.47 - - - -
17 124-7-2 iz / 127.98+16.93  292.70+26.25 398.94+117.15 71.56£20.40  98.82+41.40 57.86+17.53
18 142-62-1 CR 890  439.36+254.65 996.34+£282.93 1002.75+304.10 - - -
19 143-7-7 AR / 43.06+1.10 23.26+1.38 - - - -
20 334-48-5 B 10000 371.40£167.21 379.58+98.53  108.63£54.34  20.23£7.05 23.12+0.40 -
21 3639212 2-ZHE-2-IETHR / - - - 19.03+2.33 27.73+1.36 -
22 503-74-2 IR 490 - - 94.02+59.36 - - -
23 64-19-7 vy 99000  777.06+124.73 - 1565.59+613.34 - - -
24 79-14-1 B / - - 1003.69+173.11 - - -
25 57-10-3 FRAHIR / 119.02432.58 - - - - -
7S 2081.91 2056.91 452420 110.82 139.67 57.86
26 1123122 SEE 3 6.97+1.36 - - - - -
27 122-78-1 RO 6.3 46.36+12.93 38.96+2.98 54.55+12.54 - - -
28 124-19-6 T-mE 1.1 - - - - 8.67+2.29 -
29 112-12-9 2~ 5.5 - - - 146.28+18.52 - -
30 119-61-9 ZRHT / - 18.38+1.77 - - - -
31 593-8-8 2- = / - - 13.16+1.25 14.46+3.41 - -
32 821-55-6 2- T 41 - - 81.53+14.42  49.66+4.42 - 8.430.72
[IATES 53.33 57.34 149.24 210.40 8.67 8.43
33 101-97-3 KR TR 155.55 25.01+7.42 18.77+2.07 - - - -
34 103-45-7 YaNive I 249.59 26.97+8.41 29.7443.93 - 163.21427.49 1477.75+201.42  109.36+33.18
35 10348-47-7 Q%@%%%E / - - - 72.61+6.94 51.93+3.11 -
36 103-52-6 THA T / 16.18+5.63 13.16+2.40 - - - -
37 105-37-3 R LT 10 261.73+59.77 - - - - -
38 105-54-4 TR T 0.9 3337543144  665.69+66.72  435.11+36.44 - 4021£18.49  133.11£13.14
39 105-66-8 TR R 18 290.41458.8  1197.22+168.85 577.15+79.91 - - -
40 105-68-0 [l 8.6 30.54+2.70 55.64+8.61 92.20+7.74 - - -
41 105-79-3 CRS T P / 37.95£11.30  84.85+11.67 48.77+7.58 - - 45.08+4.97
42 106-27-4 TR 15 - 190.16£19.8  366.05+48.26 - - 132.43+13.46
43 106-30-9 PR LT 1.9 - 10.47+0.85 - 11.03+2.13 - 14.51+2.00
44 106-32-1 R TR 193 2639.16+843.57 3930.54+424.65 902.16+151.24 1027.76+94.47 599.83+54.31  1424.14+166.06
45 106-33-2 AR R 5900  1204.16£405.24 1104.56£163.16 81.75+24.76  19.29+1.86 37.79£1020  191.52+39.73
46 106-36-5 PRI 440 - 875.44+92.96  353.20+106.57 - - -
47 110-38-3 BT 5 3063.52+955.51 4106.65+234.31 436.66£99.79 195.82+18.82  194.53+41.88  1031.78+200.98
48 111-11-5 FRR TR 200 11.76+4.90 - 10.88+1.20 - - -
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X P
FH cas (2 ke
pg/kg) CO MO QO CW MW QW
49 122-70-3 []iz& M T / - 10.6+0.02 - - - 7.01£0.82
50 123-29-5 TR 377 35.54+11.17 57.92+5.59 10.50+2.47 12.24+0.81 6.63+0.73 14.87+1.74
51 123-66-0 CR R 5 2825.93+601.17 4069.51+512.74 258233295  350.21+26.89  396.66+60.66  1072.22+128.19
52 123-92-2 LIRS IR 0.15 - - - 140.51£14.68  198.79+23.55  792.00£110.96
53 141-78-6 IR TR 5 - - - 3301.42489.46 6 744.07+£3327.49 6834.40+1731.42
54 142-92-7 LIRC TR 115 - - 33.13+2.74 - - -
55 14303-70-9 W EERRAN / 2545+11.12  36.88+13.86 - - - -
56 18281-5-5 e YA / 50.57+18.38 34.66+2.51 - - - -
57 19329-89-6 FLAR 5 T / - - - 35.3246.46 88.52+10.35 38.07+4.73
58 2021-28-5 3R LT / 65.0420.72 - 14.82+1.78 - - -
59 2035-99-6 SRR ST 70 49.28+15.07 60.49+3.22 21.57+6.03 - - 21.0143.15
60 2198-61-0 CR ST 320 87.88+26.32  142.34+18.22  167.00£29.40  5.37+0.75 10.87+1.75 82.99+9.17
61 2306-91-4  SEFR3-HIHET Mg / 40.34+13.11 28.2+4.98 5.61+0.75 - - -
62 25415-67-2 RO 0.003 29.97+10.8 17.61£2.96 - - - -
63 2601-13-0 2-HEETIHCERER 320 29.94+8.47 43.82+5.78 19.42+3.58 - - -
64 28267-29-0 T =HBRAME / 512241624  53.95+20.64 - - - -
65 30673-38-2 BEM 5T e / 16.08+5.31 15.06+1.57 - - - -
66 30673-60-0 BERRT TR / 348.84+110.68 1149.22+67.78  74.26+20.12 3.84+1.15 8.67+2.64 5.91+0.82
67 3681-78-5 FRERR TR / 95.29+32.05  211.99+51.03  11.05+3.97 - - -
68 41114-0-5 R 2R / 17.54+8.52 14.03+1.06 - - - -
69 54546-22-4 9-TISERIGRR LT / 87.33+30.54 48.7+12.03 - - - 3.68+0.07
70 5458-61-7 T2 R / 11.89+4.70 - - - - 6.18£1.07
71 5908-87-2 LI #T AR TR / - 16.58+6.98 - - - 4.70+0.37
72 624-13-5 FRRTN TR / 296.32492.65 1376.03+163.75 232.71+49.19 - - -
73 626-77-7 RS / 512.47+133.96 2278.5+313.47 1071.28+148.88  12.04+0.84 60.75+8.49 25.4142.90
74 626-82-4 R TR 10000 521.79+54.57  352.19+129.1 - - - -
75 627-90-7 TR LT / 45.92+32.87 38.67+2.94 - - - -
76 628-97-7 KR < g 2000 67.96+33.18 50.53+9.29 5.57+1.50 4.21+0.36 4.67+0.92 10.59+1.30
77 67121-39-5 2-HIHE T LSRR / 14.63+4.41 15.28+0.7 - - - 6.42+0.71
78 67233-91-4  9-ZRIHIR LR / 258.34481.00 268.55+13.11  34.39+9.56 16.09+1.56 15.77+3.7 52.35+9.80
79 687-47-8 L(-)-FLR L / - - - 295.17429.03  426.17+55.05 -
80 7778-87-2 BTN TR / - 195.28+0.88 - - - -
81  84-69-5 APAR_HWER_5 T / - - 6.84+1.63 5.1840.15 4.92+0.81 6.59+1.19
82 93-89-0 AR g 55.56  189.37+54.31 19.5242.9 - - - -
83 5461-06-3 FRR5 T e / - 28.53+0.7 4.00+£0.51 - - 8.65+2.82
FES 14228.54 22917.53 7598.59 5671.32 10368.53 12074.98
84 112-41-4 | it / - - - - - 7.00£1.08
85 2785-89-9  4-ZAEAIAIARE 89.25 14.03+2.00 - - - - -
86  5989-27-5 D-Frih 34 1024.17+218.76 1464.98+337.77 1409.53+224.11 - - -
oAb 1038.20 1464.98 1409.53 - - 7.00
At 19343.83 27817.03 15148.79 7855.47 14509.38 15270.12
15 5 R A DG, (S B DR M — 2B 4% RURHE R, Mish WIS SR 5 R . T 1R . CLER IR

/f‘to 2'1@%*”$Z@?%%ﬁﬂﬁ/\ﬁ@?ﬁ ==

=g i)
PR FNFRIA,

THRE

HABR

P2, AT Ry H o — e R OR . PARIE, LR
R, CLRRAEARH I n

( 38.85+1.19) ~( 741.48+103.91) pg/kg F1 ( 20.95+
0.06)~(729.57£72.65) ng/kg. I WK T- Wil 50 XU F 46
TR, J5 3 28 W B G N 2 R QA
FrAER

5 TR P TR 2 R SR ROk IE FRLR A . &R
IR S FNAB T o3 ff s ARG 00 T /R . BEIR | =F
iR LI . A ARERR . SRR FIAEAE IR A, YR A B T 43
FRCERRNY S RIS T i LH 25 s S S T W S 1Y)

R APHRABDTIMLR, TR 5 CRRA PRIV S S350
SLANVF SR 0, A, PSS S A A HE S 15 A 2%
iR, Foa Rk (57.86£17.53)~(398.94+117.15))ug/
kg F1 0~(379.58+98.53 ) ug/kg, {H A T HAMR B {E 55
R, I PR AR RS WG XU TTRRAR /)N o

T 24 4 o S % i v 1) 32 B XUBR 42 5T, AT BT R
/IR . Mish Uil &4 46 Fhiis, P39 & &
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14914.89 pg/kg; Karish W) % & 45 28 Fi, SF- ¥ &=
9371.67 ng/kg. —HEFEMEE FAZER, X2
>k Mish Wi A T K, Fea i P gHie iF
THEEIRA R P SCRRARAE, B Rl RS RS 5
W BN 2K, e Y4Bt E (Kluyveromyces ) JEBRIE
FIEEE Y R AR =Bl 2550 Hr o, 25KE 5
10 AR PERR, EFEER LR . T HEERR 4 HR .
RN, TIRZMG . CIRZNS . O RS ILHE . 251
TENEE . CFRNER . AR IR £ WE A 9-2$ IG5 TR £ T -
RIS 3 Sy, B TR R R S
Pt BRI 2 A R A SN T Es

FiE TS S T 3 3o Ui S A SRR R . . B
SAEFHLL I Strecker REfH N IE Y, [RIES AL FIRE
IR B-SE AL R EE EORIEPY . ARG H 3 Fp
s (. 2R ZBEFISSEE) A 4 FPER (2-TF0H ., — 28
B . 2-—ERFD 2- =R . FERESRYI R, 2K
P 5L LR (Y BOB A, T S A A AR 1), 25
WA TR AN T BIRCY . FEERZE) o, 2- TR 7~
WSPEEAEE TR, 2- T —HAF0 2--1 = hEplians A A vk

FECERL A, ) 0T B A AT 75 0 AN U0 3K 05 1 P Ad:
B B )5, ABFITIRAE Y 1 0 4- 2= maR
13 1 D-FPAgke S AR 5T . 4- BRI H A K
TR, D-F e S IR O fer v &, X PP
Yot AT Mish D515 .

242 KHFRSMWEWHPT HIGFEE(OAV) 2
PR AL A X B A A TR E M EE R R .
4 OAV =1 B, #HHZAL G WX 7= B FFIE R
L E DTk, H OAV 5 prk B S EAH G, ansk
6 B, ASFFE A HH 29 Fl OAV =1 W4 FH < ik
B, AFE 7 FREE. 1 FPER . 3 FREE. 2 FRER . 15 FhEE
AR 1 Pt . MRESZERIKEE, Mish WS & 21 Fh
S BT, Karish WIES & 17 F, PRZSipg
TG 9 Bl (HA 4 FhAERTARES PR, 2
Fh 2- TR CGEINR) | SER L BRI BR . BRITER . 467 .
ERER) | ZE £ FR R A . Fi2 R . B FICU R 2. T
CRF W) o INFHFTTHRE KRG, Mish 5 1% Fl
Karish {518 R ITELE 6 T OAV =100 HIIZ.LFS K
41, SRS ST X P 25 1) B DTk RS, R R

Ko MG CHE R

Table 6 Key aroma compounds in traditional Egyptian cheese

Kok B (ugke) “kbig — — % Y — o
2-+ B 41 / - - - 1.61 - 1.02
S I 4 T ik 43.71 - 58.21 218.26 228.41 495.89
2- P 65.235 HHAGOR . THIVERR | B SR - - - 1.77 - 1.47
2-T-% 58 EJNUS 1.41 0.67 1.71 12.78 0.70 4.68
FAA 0.5 L DENEEE VAN S - 25.96 - - - -
I 0.22 AETT | PR AR - - 246.73 - - -
R 564.23 N < AU NP R VS 0.77 0.51 0.17 0.11 0.04 1.29
iz 890 WHEEBR . THBR . BHBR | ARUR 0.49 1.12 1.13 - - -
Lk 3 AETT | RSBk 2.32 - - - - -
R 6.3 AETT | BB IR, TR 7.36 6.18 8.66 - - -
TrE 1.1 NRWTWR . BT | iR - - - - 7.88 -
2-— 5.5 MG BOLH - - - 26.60 - -
2-T-fifi 41 SN 1S - - 1.99 121 - 0.21
LRA TR 249.59 BT | BRIk B 0.11 0.12 - 0.65 5.92 0.44
] 10 S P AU | HOAE 26.17 - - - - -
TR 0.9 BN ¢ NN 370.83 739.66 483.46 - 44.68 147.90
THNER 18 AFUR . BT W 16.13 66.51 32.06 - - -
AR 5 1R 8.6 IR A W 3.55 6.47 10.72 - - -
TR IR 15 A ik - 12.68 24.40 - - 8.83
PR 2T 1.9 A R - 5.51 - 5.81 - 7.64
R TR 19.3 LR RIDTHR . AL | sk 136.74 203.66 46.74 53.25 31.08 73.79
NN TR 440 MR HHEL WY - 1.99 0.80 - - -
BRI 5 W, AR Bk 612.70 821.33 87.33 39.16 3891 206.36
CR T 5 A R 565.19 813.90 516.47 70.04 79.33 214.44
RS IR 0.15 SRR AR Lk - - - 936.73 1325.27 5280.00
IR TR 5 b NN - - - 660.28 1348.81 1366.88
SO 0.003 R 9990 5870 - - - -
R R 55.56 VEHG . BRIR . 26 SRk 3.41 0.35 - - - -
D-FrEk 34 HARE | TR 30.12 43.09 41.46 - - -

SRR S S TR KRB 1 (https://www.femaflavor.org/flavor-library ) o
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Table 7 Alpha diversity of traditional Egyptian cheeses
e Chaol35%k Shannon$§%§ HER(%)
" P I N L P U
co 238.10462.3° 121.80+24.07° 3.43+0.39° 2.65+40.42" 99.93 99.97
MO 177.80+42.29® 100.60+14.23* 2.65+0.34* 2.94+0.13* 99.97 99.97
QO 83.28+22.19° 38.1349.96° 1.80+0.51¢ 0.3240.17¢ 99.97 99.98
cw 32.19+3.66° 52.1146.11° 1.46+0.03¢ 1.29+0.52b 99.99 99.99
MW 127.90+22.60% 66.40+1.15° 2.36+£0.26™ 2.69+0.18" 99.98 99.98
Qw 78.58+20.66° 78.58+20.66% 1.80+0.12¢ 2.67+0.15" 99.99 99.99
IREFY I, M, Mish WK IA BRIl & A O R L 2R PCoA on Genus level
’ - 7 ) A ] R=0.7761, P=0.001000
ST THRTNEE . IR SFIER N D-# B 55 =k, 8"3‘2_ -80
5 . - * W
S35 107 Karish 500 3007 AT 2+ i, 2-pl, 2 030 ;M\%
P S 10 M £ PR OB A B SN Sy, S SER IS I S 0201 * 8%
&~ ]
TV X P 3R (AR AR PR S oo
25 WEMZHEMSEEEAR ST § 0‘0(5) 1* gk A
251 ZREPESHT  NE 7 PR, REAS RS o]
[ Alpha ZFEPE T 45 5, WGP FP 32 /& Chaol :8-;(5)3 ’
FE¥. WFh 2 AL Shannon H5 %5 LA A I 7 751 76 % PO IO VDO
FH 22 7 AT, A REAS AN 7 78 55 R 888 1 99.9%, oo Pél (78.37%)
ZEHAIF G ARAS B0 I ) 55 s BE 2 VAR IS BIASE & Hh 40 pC
0A on Genus level
TR P B R S A B R S R, B 35 e e B s R=0.9630, P=0.001000
ATHERE. S, ST EAT, Mish WHRS( P Chaol 0.4 .. ecw
S0 Shannon F5%4%% Karish #51% 55 /=7, 288 Mish e g; s e . :M\())V
o\c .
IS IR R R o 2 ol RS
L 2 JIT /5%, A LRE AR [l A 0 11 2 Al S
FRATHT. X TANEERES (8 2A), PC1 Fl PC2 )7 2% £ 02 .
FUR 43 B 78.37% F 9.67%, BT 2 kR 03 I
88.04%. EAKRTI, FES MO Fl QW 1E55 R PR N 05
TE BB iR 1 ZS Ta) SRS, R I S FE N AR P Eg PN NSNS S TN NN
B AR . SULFEIET, R CO 1 CW F9ZS[HE] PC1 (37.03%)
PEES B RERE IR, AL S MW Fl QO FHE T HEAEA 2 B BALGEE 1) AL BRI BT
EE s Er s, FRBH A S e —E . X Fig.2 Principal coordinate analysis (PCoA) of traditional

FHE RS (K 2B), PC1 Fl PC2 Ay 5 2 5Tk 4351
A1 37.03% Fll 28.93%, RITH 2Z Ik N 69.56%:
FEASTR] S BRAE T B E S AR, SR T AS[RIREAR ]
HAFRE G225 . BRI, FEAh CW 5 MW
P TEE—Z RN, MiREsh CO. QO Al QW 4351
MSTAMAR T4 =2 PR 45 RIS IURIR. 45 F
JITIA, 3X el BRI TR IR AL el v A1 PR R T4 2544
BB AL

2.52 BEEARSTHT AR RGP T I
g A M BE S A . AN IE 3A T 3B o, Al B
FIRR S W T LR, A3 S 9 AU R )R
4 NEHE] . JEREE ] (Firmicutes, 95.50%) FlZAE
B ] (Proteobacteria, 4.26% ) J& H. i e 40 &= 1],
FHXF R BTk 99.76%. F2EEE ] (Ascomycota,
96.52% ) Fl#HF B [ ] (Basidiomycota, 3.46% ) F& 13
FLEE ], AH X 35 B BRIt ik 99.98%, iX £k 45 L 5
Chen 487 —3

Egyptian cheeses
TE: (A)4HTH; (B) HH .

nE 3C Fros, Mish W57 F1 Karish 975 15 () 2 B
BEE A AR, . LLFLFTH 8 (Lactobacillus, 49.19%)
0 = B B e, 55 BRI & (Streptococcus, 38.87%) IR
Z . BT IR 8 ( Weissella, 3.69%) F11 %L 2R 14 )&
(Lactococcus, 2.48% ) /Ui 4340 o AHARIEZE 2, 14
Fh R JE 2 S FLRR T, L 2T QRS 8 Mish 957 T
FEA, AXHE CO(0.02%) . MO(0.01%) il QO(22.09%)
FEAS R o FLERPRUE — 2SN TA Y 25 A2 TR, B 9 A
VE AR R 35 TR, TE W5 P A= 7 00 SO 38 ok 7 IR A Ao P
I BEE TS BIEEZLROR . AHLE T-4H PR, PSS
EEWBEHRAR L2 5T K. K 3D iR, th
HE W E A SR8 (Kodamaea) . UL RE &
(Dipodascaceae) . 5 0B ¥ )& ( Torulaspora) . 1
A 1 & J8& ( Metschnikowiaceae) . 1+ % 1% & J&
(Issatchenkia) . R2£W 0@ (Candida) . HEHURER]: R
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Campilobacterota
I Deinococcota
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Fig.4 Correlation analysis between dominant bacteria genera and aroma compounds in traditional Egyptian cheese
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