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22.96 g/100 g, pH i1 4.35 B EFEMLE 4.17 (P<0.05) . WGC iz 7] Ji 28 2 3= B4 & L KUR P i (5 e T 48%),
WA FLA WOk, A 56 d I TTRORAG Y, DR MR & 33.91 pg/kg H 25.60 pg/kg. MU E WGC
) pH 7E 4.6 Z50F FAIAEMA S & . 12% (m:V) A LRATEER G 5% (m: V)RR AT 75 1 & & 4 il
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Development of wheat germ goat milk cheese and quality changes during its
ripening process
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ABSTRACT: Objective To develop new products of wheat germ goat milk cheese (WGC) and explore its quality
changes during maturation process. Methods The physicochemical properties, flavor characteristics, proteolysis
and microstructure of WGC during ripening were analyzed using the Kjeldahl method, headspace solid-phase
microextraction and scanning electron microscopy. In addition, an electronic tongue was employed to evaluate the

taste profile of the product. Results There was no significant difference in the moisture content of WGC during the
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ripening process (P>0.05). The fat content increased from 26.12 g/100 g to 27.88 g/100 g, and the protein content
increased from 20.64 g/100 g to 22.96 g/100 g. The pH decreased significantly from 4.35 to 4.17 (P<0.05). Ketones

(percentage higher than 48%) were the main volatile flavor substances during ripening of WGC, imparting lactic,

creamy flavor, while butyric acid was not detected at 56 d of ripening, and hexanoic acid and octanoic acid were only

33.91 pg/kg and 25.60 pg/kg. The pH 4.6 value soluble nitrogen, 12% (m:¥) trichloroacetic acid soluble nitrogen and

5% (m:V) phosphotungstic acid soluble nitrogen content of WGC increased significantly from 12.06%, 6.00% and
2.20% at 0 d to 21.11%, 14.23% and 4.57% at 56 d respectively (P<0.05). The sourness of WGC was at a

relatively moderate level, while its bitterness, astringency, bitter aftertaste and saltiness were all lower than those

of the 2 commercial ewe milk cheeses, resulting in an overall taste that was milder and more harmonious.

Conclusion Compared with goat cheese, WGC exhibits reduced water loss, fewer undesirable flavors and increased

protein hydrolysis during ripening, indicating that wheat germ can be used in goat cheese to improve its quality

during ripening.

KEY WORDS: wheat germ; goat milk cheese; ripening process; quality change
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E R S Z RN, W8T W% . B RDHIR,
Fe Bl L2 #0502 25 44 B9 vk [ 2L 2L T BB (goat milk cheese, GC),
WANPGHEA RIS B 0 GC Az B . T RETE Rzl e &
KRR AL, DR R AR i KUK 5 5 b,
HHRTHEFME . AR, TR oK S (E 2R
FUBE ST S0 FLRR A A, FEAR TS pH IR dE T/
RUBRTE Jl; 45 1 78 2 1 B VR T BloK i o 22 RN i 25 2
R, Bo T ARRWHIA; e 2 7ER i m1E AT 4
ff A B SERR RN IR . TR . RS, T T Hk=rH.
15 7 I AL I SRR AR XU, FR 1R R R it — 26
RS IR | P BRIS RN RS By, IR T
AR TSR, LULCERL N R AL GC
HR A AR ) B L2 R A IRUR A AR, 33 b LR I
PR FEE SO . SRR A G, Hrih ok
IR A < BAT FIFAE SR, SERRRR R R sk,
BRI N SRR, ST GC I 22T B vE 1 2%
BT, DR RN GC e ad f v AR AR
JRUR, (F SR R A A T [ 2 B80T B e A2 P

AINFEAE IR E E AR EEY, 200K T ERAR
KGR = RIE AW o NFEIRGIE/NE TR R =) 22—,
SN KPR i HE SRR Ay, BB SR R AR
(26.0%~31.5%) . fg 2 (8.9%~13.5%) Fl tx K 1k & ¥
(42.0%~47.0%), DLAMAA §EE . £ FMAEHE N REL
P ek ALY, /INAZ IR 2 Hp e G 5 e A AT B DT R
B P EUR WS BRI, TR s — R K 22 Uk
WESE, RGBSR PEE b Py —Fh & SR 5T
RN T B, X /NI R 2 v R i R R I 4R Ak Bl LA R4
fR R G ROR, IR TR /N IR 2 10 € 5 R UL, i /N 22 i
AR BERCN—F 5 345 BALRAR K& RISy, A

PR AR XU DL fd R 25 Ak

AT E vl E /N IR 2ZERT GC BB E R R ST T
N IR EE A Z T W (wheat germ goat milk cheese, WGC)HY
Tl T AP, AT LA M IR % WGC 5 GC, FHTE
BUHAT 0, 7. 14, 28, 42, 56 d A HINFHEAL AR . KUK
FRrk . KGR MDA 1T 704, 898 GC LA
HIE] S8 BT AR AR, DA I/ NEZ IR ZE5%T GC il F
s, BRI/ NE IR ZEXT GC I AR A T
RAEM.

1 MRE5RE

1.1 Ml RFIS5EE

FAPGIRMEBHE KR L), NERZEQLRE
FET & A= S AR T ), FLRR BRI R IR 5 B (fR N A
WALFFER . PEIEERREN . PERRILAT R . ROV FLAT R . T
AR FH R RAFD).

£ A G RS (T2, VIR BERE SRR A IR FD);
BEFLIG (S 4, WAL PR A BRI A D), 2-9F
WL, ZEREN. MR, —RALR. Wl . BREm(Oiral, -
W TR A BRA R, oK 28 . BEmREL . APk
(AT A, 1 TOMAE LB R A BR A F)

AL104 HLFRF-CRSBE 0.1 mg, MERE-HCR 24088
BN ED); DGG-9030A AL BVIE TR 440 (L Vg 2R 15 S0 3%
A B ), HH-S4A HL JAVE IR K 48 (L st RHE AL RS A
B D), UV-1900 BOGHR LM BT (L GRMU A
A B2 Al ), D-37520 @5 ¥ A % OB O HL .
Tracel610-TSQ9610 < Jii B¢ A ¢ . TraceGOLD™
TG-WAXMS S A HEF (30 mx0.25 mm, 0.25 pm)(Z[E 5%
PR R BHE A BRA R, 1S128 K555 pH 11 I (L 7%
B4 A R 2 Al ); Kjeltec8400 4= H zh HL K & & AL .
SCINOST310 % R (B HLARIT A F]); TM3000 & 30H
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i R (H A H AL 2w, FI200 55 3843 5o Bl
Br e B A4 A B2\ F)); ASTREE HL -7 (75 [E] ALPHA MOS
2l
12 77 %
12,1 DMEMEFFLTEGH S

INERZERY A A/ NEIRZE A 1 om JRAEB)TEAC L,
HEFE 180 °CHEEE 10 min, WEIZ RIS 50 HIfiEIS/
HEEFRKSM(2.47£0.03) g/100 g, fENI(9.86+0.08) g/100 g,
EEF(30.3540.08) g/100 g, JKAH(4.87+0.08) g/100 g, Ak
(71.10+0.02) g/100 g, K1ZF4E(6.70+0.21) g/100 g].

TR R RS 4.5% (mem)/NAE R ZER IR
5], 1 63 °CAMETF AT 30 min, RFERHIZE 38 °C. MA

0.2% (m:m)FLIR W A BRI R IF ), T8 38 CCAAIF T AR,

KEEZE pH N 6.0 IFAIIA 0.03% (m:m)EALE5HT 0.06% (m:m)
EEFLES, #E 30 min SFRFEEFL, TREEHUE RS UIEEE
Yoo BEERPEEPOLAE, 17 pH o 4.80 BHHEH FLIE, I
BEH AL EHI R 4 h 54y, T 3.5% (mum)&E AN
B35 40 min, W TRIEKDEIFTIIS AL, I 4 °CHK
PEF AR, 138] WGC., IR IR B 7 skl & R us /22
JRZER ) GC AT . 7E T RERCAIAR 0. 7. 14, 28,
42, 56 d 43R HL ST EA T RE o
122 mALIEFRAG R E

KA A I E 2% GB 5009.3—2016 £k 24
FAriE BRI E Y h EE TR, B EEN
ME S GB 5009.5—2016 (&AL EE R E B E
FBTRINE ) o B Sl e B BRI & & il &%
GB 5009.6—20164 £ i % 4= FE bk £ 8L g D5 il )
PR IR, pH B9MIE: B g TREMA 10 mL 23+
7K, LA 8000 r/min A9 B 5 1 min /4T3 H pH 11 E
D, FLRRTEWE AL E 7% GB 4789.35—2023 (&
i A EEAE A RUEYIAR R AR ) AT
MBI E B GB 4789.2—2022 ( B LS EFATHE &
R IR A B P TE SO E o
1.2.3  F&& P4 LRk R e 2

28 ZHENG U0 iR s e, ERFREL 5.00 g
FREAR A ZERUR A N5 56 5, PR A 10 mg/L
1) 2-FIRAR, SR FH TS AR B (headspace  solid-phase
microextraction, HS-SPME), MRESREE N E 3 IR, S
4, 1% - i §i¥ (gas chromatography-mass spectrometry,
GC-MS) %A %41 H TraceGOLD™ TG-WAXMS “TAH
A% FE (30 mx0.25 mm, 0.25 pm), FEFE TR 250 °C, #
K MNE S (He), HAMHE 1 mL/min, Ao EeE; BF
FHR: IR 40 °C, 4% 3 min, Lh 4 °C/min HHEETE
140 °C, 1#:3% 2 min, 6 °C/min F+ & 240 °C, {#3% 12 min, &
FURIRE 230 °C, HLFHRERE 70 eV, FiR RN FI& &AL
mlz 40~450 u Z [a],

1.2.4 TP EGKMAGRE
(1) pH 4.6 4 T Al A & = E
HEFIFREL 3.00 g TEEIMA B .CE S, A 40 mL pH
4.6 8- FRENZE WP T 8000 r/min 35T 2 min il &
13K, FE 4 °CF 4000 r/min #.0> 20 min, B IR ZE ML
EhiHAe, 1T ASILRER, pH 4.6 &4 T Al A((pH
4.6-soluble nitrogen, pH 4.6-SN)I3. 5 1k 4= (1) iR
X/%="1%100% (1)
my
A X, B pH 4.6-SN &=, %; my 4 pH N 4.6 FOIERH 1
TEWE AR, mg/100 mL; m, AT & & &, mg/100 mL,
(2) 12% =LA A S e
ST RV ik, WERIFREL 3.00 ¢ T BN A ES O
A 25 mL 12% (m: V) =S 2 B2 8000 r/min 34 5
2 min H4551%, 7E 4 °CF 4000 r/min 0> 20 min, B E34
RS T, T AR ER, 12% ALK
Al %A (trichloroacetic acid-soluble nitrogen, TCA-SN)i
B QWiIR:
Xo/%="3%100% )
my
HH: X, W 12% TCA-SN &, %; ms N 12% (m:V)=RAL
FRVEWH WS A, mg/100 mL; my N T EES S AR,
mg/100 mL,
(3) 5%l F3 IR Hh AT R 2R kA
YERf R pH 4.6-SN 7 5 mL, filA 3.5 mL 4 mol/L
B BRERVA T AN 1.5 mL 333 g/L MBS IRIATRIES), 4 °C N #
B 24 h, BCEWERIEE B 2 WA A, 2T AshEl
FRAER, 5% - ] 7% PE & (phosphotungstic acid-soluble
nitrogen, PTA-SN) 18 73k an=(3)is:

Xy/%=""5x100% 3)
mg
2 X5 4 5% PTA-SN 18, %; sl 5% (m: VYRR

IEBE A, mg/100 mL; me ST 5 A& &, mg/100 mL.
1.2.5 FEEMILHagm T

Z M8 NASSER 2120y, KT IR ¥ T Bk
(1 mmx1 mmx1 mm)#Fr, BHLLE 2.5% (mm))% B
W, BT 4 CokAHPEE 4 ho ZJ5H 0.1 mol/L WilRER
2 W (pH 7.2)T 0k 3 IR, BHKZY 15 min, FEFHEFRECH
30%. 50% . 70% . 90% . 100%H Z B st AT A0 BE K, 45
W15 min, BRI =S bext T REAR A G 3 K,
£YKR 15 min. BN JG F 100% C BEEWRIEVE 3 YR, 4YK 15 min,
R R R IBACRAS BT, R A BT A SR AE 40 °CUK
FETA VR 2 h, BB B2 R THRHLAH T4 36 ho SR
BRSBTS RS T 4, BT T
BT, L1500 R4 RO R MERE S
1.2.6 & F &M RALE S 77 ik

2% LIPKOWITZ 251 )5k, BRI S g WhmkEAhDE T
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FEAMIFEE, EF 100 mL KEFokH, BFUFTE 5000 r/min.,
20 min, 20 °CA&MF FELO. BEZERA T, k)5
Wk E 20 min, SRREIEEIA R T T, %
Ff L HLAI
1.3 HUBALIE

BRI ESE 3 K, RUFHERERETT
fii Fl IBM SPSS Statistics 27 FHATEARZE 5224047, F Origin
2021 J1 54

2 HERE5HH

2.1 RRFAHEAETERIB MR L

MEE GC K WGC B L& Btk &l 1 i,
WGC K5 & & T GC (P<0.05), g, RN
BEMT GC (P<0.05), I HALREA LA F]— AR FFX
— A, WGC Hr R 7 R 15T 2 Sk i RIS T e S K o0 i
TR B R BAE A G, INERZEAR G & & & A R
25, ISR B bl R RE B e AR e 20, HHA
B I K RE T, AKRIBCR ATIA 2 200%™, ARG A £F
Y5 AGE B S PR IR R R ME RS & KR, AR
JNF WA, HAE DL T (3 ) N S e, B
[ 0 R 5 ARG 2 B BT St R PRt A g R
FKHE GC HBIM/NERZFER RS T TR K &&=,
DALIA USR5 % B S N R n 2=k 4= 2L il 4%
o BRI T I, S5 ARRMEAE Min T ROKRE S, & T

T W& 7K 43 L RIBEIRO 25U 7M1 % S 7E /N -1 7 s o
TN INIREZE BR Ry T T I K i 4, B & e T T ok
T, TEWINELH 6% (m:m)E A5 T mefF AIEE O .
AL B 5T e WA T TP S IR 8 i My R B, T 7K 4
i Y, X T e SR AT RS MR A TR,
ZWFRAEBESTE 5 TN B A R, ke B 2L BRI
HE A B ARSI E AL — ML . 7 56 d U,
GC HiK4rih 48.25 /100 g B EFEIKE 46.24 /100 g
(P<0.05), BEMG . BEH S & 26.12 g/100 g, 20.64 /100 g
MEREZE 27.88 g/100 g.22.96 /100 g (P<0.05), 1 WGC
7K 43 Fr A6 B N I R ke R e 258 16(P>0.05) . WGC
R K 43 R X — LG IE AN | 2 (P>0.05), X 3R
JINZERRZE P NS A B Lk 2K 2T R L 4 v B s ) 1 i

PR AR T BRS RS T

MBI, W/ NERZER EREIT GC M pH
(P<0.05). 28 d Bt WGC ' pH HHfWIMN 4.35 B EFIKE
4.18 (P<0.05), WEWME 28 d B GC 1Y pH i 5.01 [RILE
4.98, IXFHA, /INFZHRZE RSN AT B8 o $ A A0 Sh AU A
TR VR o LR 1 A R R T R, AR U i i g
R ING RS 55 27 IR &5 & i 4 LR 22 MR 0%, 22 IR iR o
Al e L BE R AL O PR S, 45 R R IR 2 AR BR 15 7 A
TR FE S 2 1 T IR R R Y . A U] ) L e T PR ol 2 5,
G 0 d Y WGC A 7L R A 16 I £ 9.88 1g CFU/g i
GC "4 9.47 Ig CFU/g, WGC LR & W B & m T
GC (P<0.05), WCHTHEEYI R, AR LR, WikEE

80 VAGC B WGC 40 AGC AWGC 30 7Ge BAWGC
aA A
o = 32 = 24 A 8A  aA
601 &R = oA aA  aA S PN S
o0 & = bA  bA S | & & 7
Wl R 25 0.
= A RS = o~
7 A yn aB P o w
W | ks 41 16 o 12 D 7 %
& 20 R4 RS Sz 0 9 R A
N7:1: . N7:10:0%s
0 7 14 28 0 7 14 28 42 36 0 7 14 28 42 56
S A /d AR 8] /d SR E] /d
55 - 11.0 11.0
VGC BEIWGC 5 VGC BEIWGC VAGC BREHWGC
2105 2105
0 aA  aA zg)A bcA A beA %D %
. < aA
- s 10.0 abACB CB 2 10.0 : _ CB
= dB Ny R B TS
45 E - giﬁ? o %3 %‘i ) g?? ?Efiﬁ
> [ aB %% ; S R RS %
bB B 9.0 /1’3‘ % 9.0 133: ] /:3:3 /:’3*
bB hen cdn B bB B i N TR %
o 25 .s 5 KRR
V7707 14 28 42 36 20 7 28 8579 14 28
JE [a)/d AR E]/d JE [a)/d

e ARE/ING TR R M RIRE S A R 6] N BB B35 25 7.(P<0.05); AN [A KRS Fa: 3R A IR st 18] A R RE &G 1) BLA i 525 5
(P<0.05), Il 4.
B s e i 0 B B

Fig.1 Physicochemical properties of cheeses during ripening
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BT ] A FE K, 14 d IF WGC Hh e BRPL IR B 06 T B
TRERILG(P<0.05), 1 GC 1 42 d J5 ZLIR B 16 TR AT 1R
B AR (P<0.05), 7ERLE 56 d I WGC H LR B i R 5K
47 9.06 1g CFU/g B # LT GC H i1 9.64 1g CFU/g (P<0.05).
1525 1 1 25 ROV R 5 vt ok B R I L P R BB R IR G R
P LA I AR A V6 P B IR B 42, 33X 0] RE 5 TR B 23 52 T
PR RS540 S8 4 1, AT A B M i L 2k KR
R, sk gn st TS N KA Y, A, sEE GC
M WGC H, FLER T B EY 5 TRV SO 2, B
T PR B o5 32 S A

2.2 FRFAEAIE) FERIE LM XK R &

Xof S A 1] T s % 28 4 M XU A ok % o L
PEATAHT, A5 TRNEE 2 A 3 iR . BUEUBIE], GC Hits
FE 25 PR MERWRAL G, ForP RS | B2 RIERSS & He
R, WGC HILSERE 31 FE &t Xkib &4, Hop
i AR 5 e W E & .

TR AL T2 2 e BRI AR LA SR W A3 fde A, W
T R ARAE KR . GC Rl WGC HIRZEHI IR 5 FL 34 It A
AT SE R T, GC IR G RS 0 d 19
15.95%4 K 255 56 d 1Y 69.96%, Hirb THR(BEER . )i BT

BR). CRR(ARIR . AR FIERR(IRIIIOR . B TAR) & K
Ju A, BRI 0 d A9 11.32, 12.06 1 7.70 pg/kg
R A 56 d 19 303.21 pg/kg(BI{E N 240.00 pg/kg).
292.54 pg/kg(BIE A 225.00 pg/ke)F 110.08 pg/ke(BIE N
8.50 ng/kg), P T BIME, 2 s R A A F
SN, 3X 3 PR IE S DELGADO %%[Zzlﬁ’if'MJi?E%ﬁE*
TR ) ST XA AR, A 0~60 d BB R
I ) B4 S T30 . T AE BB N WGC Ef:‘ﬁa%’iﬂﬁ%%lﬁ
FE IS 0 d 19 10.14%3H 255 56 d 19 28.49%, Y |] A
il il TR, HORAFRSETHN 3391 pgkeg M
25.60 pg/kg, WALTF GC, W WLASII/NE IRZF3E T GC A
BT R b el P R TR S TR AR AN KUK . AT
SR THR . R M= rh B 1V 7 g T i (4 R R /K A
P S b R S A X AR, TR /N R 2
G RRAA G YIS W AR, X ATREYS WGC HR I & &
KA 55, SANCHEZ %541 % A ] Big 1 2 B B0 10 2 T 18
BRI o3 RS AR, HL o R BILE B 1~28 d sl 2 i
05 7K S ™ A i S ST T ) S TR, L4 B T o AR
05 7K St 7 40 v T Ul i AP T

B A A 0 mT 22 AN FRR DT R SR AE . S SE IR R A 5

N i/ (ng/kg)
b YY1 T 304.00
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R CL i I e e RESRADR SN SR
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Fig.2 Heat map of volatile flavouring substances in cheeses during ripening
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Fig.3 Proportional content of volatile flavor compounds in cheeses during ripening

JrreA, HOBCE BEAL, X TR B B,
P, FZSE Y= GC R WGC 5 Hefe s r 45 2
Rk BT, £, B EY & =B EFIL. GC
M WGC BB 0d (1 54.20%., 76.86%FF K245
56 d 1) 8.55%. 48.59%. TEMEGIET, WGC HlliZib&
Y5 IR AR T GC, H 7 EUIRZK T 48%., GC &=
RS AT 3- R 2-TE . ),
WGC H & A 2SS WA HE 2,3- T ZE(CR AR IR
AN 3-FRHE-2-T M EUIA] WGC Hr 2,3-T i 1 3-
FRAL-2- T A & R B T GO ISR g IR FLAF 14
TEEFLFF I . MWL . PEREERRTE . (R INFEZLAT IS
KM, HAdp 2,3-T ZEf 3-FR%E-2- T il )& 22 A 4%
AE U 5T o s 3000 56 A JXUAR: ) 184 fin ] RS F LR 1T &
M/ NERRZE, T T WGC R HHIFLE . IihsRkAg4
KR

Ik 24k & W P B 0 T e A LA B W25 i Ak 7=, 8 TRt
TR E X 7EREE GC fl WGC HAylRZib &
VEBEUFETROB(EES). CROBRGES ), B
Wi S 22 B T 9 B AN WG, Ar Sl 5 0 d 19 10.27%.
2.27% I ZEEE 56 d 19 17.60% . 11.13%, DELGADO 252
KT GC R R AR b BRI 5% A & B0 s H) R
B B F. GC HERZMb A& EET WGC, XAfEs
GC HEZMARIIME A& EH L, XA YERER
TR AT LU A 2R AN, R T EERA A A AR

BRiRZE . ERASFNERZX 3 Al LR IL & 5b, B
KX FEF TERKA o, BREEYEZRETZA
AR B E AL, WA GC AR 3 AhEERAL A,
M WGC Hs i3] 7 FiEE R LG4, CREGHTEEIR (T 50K |
S (R . TRECEO . M) . 2-FR 5L TR (M
AR BUE WGC H, Ol . SR 2-F 3L T e
JEUREINAE IR ZE R A AE S, T T A AE T R T /N R 2 7 A
Rk ) X se G MR F WGC AT GC e TR
FRER R . WAL A 2 A B, BRI T 1 XU 2 1)
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