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B E. RS A R, A TFRTEFE (Penicillium candidum) | % % (Penicillium roquefo) F= i B M £ 5F
(Actinomucor elegans) Fy K B @ A% , il i M| & & B3 6 7% B s B B2 (free fat acid, FFA) =i % £ L 82 (free amino acid,

FAA) A%, it th R A B AP A MBS B F. LG 0 A B 4 IS 2 B A 3 (B3eF 201) 1.94 x 10°
mL ™, ££ 29 °C .95 r/min F4EK3E I 4 d, LW b 490 B A5 W B A B BB ) K 4.28%F7 0.37%. H T ek K B4
o Rk ) SR GG TG A%, Bk T KT R B B A R G B K AR R B AT T SRR A R A B R SR I, AT AR B R A B W BT
ImE A 1.5%, TR dRAEH 12%; ZOBERMEH 0.15%, K EWHMEHN %, 2 55 CHEfE 8 h J& KB P 4y i
BRSHER BRI A IS R R A 11.12%. 1.12%Fe T1.6%. fEPudetr T 3K M@ = k47 BT IR/3 8000 5 4 & 8%
BB KRG EF 9.71%, BOQREEH 2921%, Mg &% 27.23%, ARGt o nBmriit (Ko4F 735%, %4
Ji A% 35.53%, ML AF 24.91%) .
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Research on the Process of Mold Cheese Powder
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(Key Laboratory of Food Nutrition and Safety , Ministry of Education, College of Food Engineering and Biotechnology,
Tianjin University of Science & Technology, Tianjin 300457, China)

Abstract: Penicillium camemberti, Penicillium roqueforti and Actinomucor elegans were selected to ferment milk. After
culturing and determining the free fat acid and free amino acid, Actinomucor elegans was found to be the best ferment. Then
the culturing conditions of Actinomucor elegans were studied. The results show that the optimum conditions are inoculation
concentration is 1.94 x 10°mL™, culturing time 4 days, temperature 29 °C, and the speed of rocking device is 95 r/min. In
these conditions, the FFA and FAA in the fermented milk are 4.28% and 0.37%. In order to accelerate the flavor formation,
the effects of lipase and protease on fermented milk were also studied. The best enzymolysis conditions are the amount of
lipase is 1.5%, anhydrous milk fat 12%, protease 0.15%, and soybean powder 6%. The FFA,FAA and lipolytic rate in the
fermented milk, which was enzymolyzed 8 hours at 55 C,are 11.12%, 1.12% and 71.6%. The physicochemical property of
the final product has been determined. The result is that the contents of water, fat and protein are 9.71%,29.21% and 27.23%
respectively, which are very close to those in the imported sample (water 7.35%, protein 35.53% and fat 24.91%) .
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WM AU PR R i P, 224 AR Tk i s A 0
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1.1

eSO B %5 (Actinomucor elegans) , RKEHFH
KPS 90 2 R 5 S T % 5 %5 (Penicillium
candidum) | 275 % (Penicillium roquefo) , FHX AR/
Al PR g FL kY (£ A F]) | JEK T (B
Al @Ry (R H]) L 20 000 Ulg s i it
(DSM /~H]) . 15000 U/g FHE A (DSM ) . KE
By RPLE 22 P0G L S IE | RERREE , Y IR T
TR 2 Al PR At 5 AR Sy 1] 7 o A 4.

YX280B H TR XA F Nz sy, Big—H
BT 2 biAT FR S B s DHP-78 U b HAVIE L 1% 3544 ,
b AT E PR ; pHB-1 BFH pH i1, BN A
AT DGG-101-1 I #as R THRAL , Kt
KFEHLHABRA ] ; AB204-N AU 4347 K, Hi i
FeFCRI 20 (R A B AR ; TZ-2AH & UE
ARG R FR 40, L ROR RO 5 A BR ST A
ZDHW RIS H IE 7 b8 Wil o 4R A PR
Al 5 LSY—HL IR TR KI5, VL0 F B BT T 3k Bl
XERKE, DEHFEHFARAE; DI1-90 BIHL5)
PEFEAR , REEI AR AR GC/MS-4000 AR
TP A, A w5 FW80 B T ek
PEHL, REEZ TR A A BR A F] 5 R-200.300 F- /&
B VAL, N RESAS AR R T
1.2 WEEHBHNHEETIZ

FHANGFUNHE IR 15% Hu 9 K o 5 78 401 it I
W5 52 AL, KB e A SO ST B R T, &
Re g% — s RS A TC K W50 . KRG K RN | &
1 B PR | B AR A RO A ZLAER , 238 Bl
Y0 I W 25 A )
1.3 MEFHE

i GB/T 14489.3—1993 iHrklrb i iy 2 g
U R R v ) TV i M A IR 0 5 MR AR
GB/T 5009.39—2003 { ¥ T AEARMER M 3% ) P
Hh PP 7 000 S A R R S U s MLER T L EE
J KA 43 il B R A R Bl e Ak
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il ZBX 66025—1987 { & b2 FE Z bR S K
SrE e ) SUHEATINAE 5 T s S REIR | I B A I R A
SIS 43 B4 BR B R b k) et &
PR I s BE AR R (1) AL

b e FELARI 5 i

T = A

SPME-GC/MS Z3Hr KB J5t 121 il b 2. B

— B W EEKBFRE N, NG RETOK NapSOy, 1R G,
TR, AR, Tl sl A SPME JG4F, T
50 “C/K¥ 30 min, #E{T GC-MS J3r. i 441 VF-
SMS 35 FE (30 m x 0.25 mm x 0.25 um) , FEFE IR
JE 250 °C, XX He, Wi 1.0 mL/min. F2J¥FHi
33 CA£F; 3min, LL 10 ‘C/min J} & 42 °CJ5, LA
5 ‘C/min 7+ % 140 °C, F-LA 18 ‘C/min F+ & 240 C, 1%
£ 8 min. FTiksafE: B FURIRAE 220 °C, (B4R
280 'C, B F1b#X EI, KATHLR 10 pA, HFHE
70 eV, FHEEHE 43 ~ 500 m/z.
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B 1 ARBEXZEEA FFAF FAA KRR
Fig.1 Effect of different mold on FFA and FAA of fer-

mented milk

M 1 ATUAR H, 7555 4 d BRSO B85 R
Wl B BRI R (FFA) | i 255 R (FAA) A& =
BIE S IR T 5, 43 A 4.28% 11 0.37%. XA
B 25 4 KB IR E (B A TIER,
fife 7S R R R FLIR A LR (1, FLRR AR R e T
R T BT . BRSNS
A 14 I U7 AR R P I A T R AR R | U S A R
Z K T B 8 S A P ST s S )
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M 1 PRI UE B R R GO N
1.94 x 10°mL™" BF & EEDY FFA #l FAA B9& SR,
H FFA Ml FAA & it¥fm e, 5000k 4.28%F
0.37%. AT L, FEBOM B 5% 0 AR RN
1.94 x 10°mL™".

R 1 EWMENEEEY FFAF FAA B30

Tab.1 Effect of inoculation concentration on FFA and

FAA of fermented milk
FFl i/ mL! FFA/% FAA/%
1.94 x 10* 1.5217 0.129 2
1.94 x 10° 2.8843 0.163 5
1.94 x 10° 42822 03716
3.88 x 10° 3.376 8 0.286 8
5.82x10° 3.1029 0.242 8

2.2 REERTEIXT & BRI 5 B RN

ME 1 AL HIEFRAE 4 K, KEEYIH) FFA
M FAA S5, 0k 4.28%F1 0.37%. HILAT
UL, KW 4 d Midd.
2.3 AEURERh BRI

R A B0 R 2R S 06 0 e s A e o g AR O
il fige FsF 1) RN IS /K s o Ry S R R AT I
ARSIy, IR S P U T e ik e 0 1) s A 2% . O
Fe bR MBS NG TR & ik, Ly (4°) 1E 32 SEHG 245 L Il 3¢
2, TSR ILER 3.

R 3 TR, o0 e v R0 e Ay 8 = 5 i) R
35, T A FsF () R0 TG 7K 0 i A o 149 5 i A B S
BRI RE Wil K i i e 120, stk ity et A
TR RS X IS 128, a5 R, g Dl /K A i e 1
T MR 2%, BRI EE N 50 °C, BT
(B84 6 h, ToK WA IR 12%.
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Tab.2 Orthogonal experiment results of lipase enzymolysis conditions

Sy R k% HHffL I/ C A 1] /b oK YA % ]l Uit BYIR TR 5 /%
1 2.0 60 8 5 1 9.12
2 2.0 40 10 12 2 7.51
3 2.0 50 6 15 3 10.43
4 2.0 45 4 20 4 5.63
5 1.5 60 10 15 4 8.77
6 1.5 40 6 20 3 5.30
7 1.5 50 6 5 2 6.34
8 1.5 45 4 12 1 7.76
9 0.5 60 8 5 2 6.47
10 0.5 40 6 12 1 5.01
11 0.5 50 4 20 4 8.41
12 0.5 45 8 15 3 5.09
13 2.5 60 10 12 3 8.30
14 2.5 40 6 5 4 6.74
15 2.5 50 10 20 1 8.87
16 2.5 45 8 15 2 7.66
ky 8.172 8.164 7.621 6.819 7.687
k> 7.042 6.139 7.558 7.994 6.994
ks 6.244 8.511 7.849 7.965 7.278
ks 7.889 6.532 6.318 6.567 7.387
R 1.928 2.372 1.531 1.427 0.693

®3 FEEBEEBMERUTESR

Tab.3 Variance analysis of lipase enzymolysis conditions

SES WM AmE FH FIRFYE BEME

it 9.142 3 9.291 9.28 *

T 16.570 3 16.839  9.28 *

Hif ] 5.723 3 5816 9.8
TOKYRHEINE  6.749 3 6.859 9.8

el 0.984 3 1.000 9.28

R 0.98 3 9.28

2.4 KEEEABERERENML
AR 5P DR 2R S 0 | R TLE

A I T AR AR AR I O BB BN R, 2 TIEAL
SEH, LA E 2 MK AR S I S A dee 2R . LN
PR RS SRR A B, Lo (47) ISR I 4,
Ji 2203 5.

I 5 AT AN, TREEARE A T AR R e T 158 Sk 25 52 i ()
R, MME AR S B A AR 2. &
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IR KA B A 20550 Il 0.19%, BRI O 55 °C, BRI 6 h, RERSINE N 8%.

FAMBREEE H27% Hew

R4 BEOBBRRGEIIRER

Tab.4 Orthogonal experiment results of protease enzymolysis conditions

SRS R RN /% At f R 2/ °C AR /h REARBAN /% =5 UiF B EIERR 5 1 /%
1 0.05 55 10 6 1 0.88
2 0.05 45 6 4 2 0.88
3 0.05 50 8 10 3 0.70
4 0.05 60 4 8 4 0.87
5 0.20 55 6 10 4 0.99
6 0.20 45 10 8 3 0.89
7 0.20 50 6 2 0.70
8 0.20 60 4 1 0.99
9 0.15 55 8 2 1.27
10 0.15 55 10 1 0.90
11 0.15 45 10 4 4 0.70
12 0.15 50 6 6 3 1.17
13 0.10 40 4 4 3 0.83
14 0.10 55 6 4 1.14
15 0.10 45 8 1 0.72
16 0.10 50 10 10 2 0.91
ki 0.834 0.992 0.847 0.973 0.874
2 0.892 0.952 0.940 0.850 0.939
ks 1.011 0.707 1.023 0.877 0.901
ks 0.901 0.986 0.828 0.939 0.925
R 0.177 0.285 0.195 0.123 0.065

x5 EABBRATEINR *® 6 FEEnBEFIE QML EABMELBRNNIRTR

Tab.5 Variance analysis of protease enzymolysis conditions

Tab. 6 Experimental programs of lipase and protease en-

S R AmE FIb FIESYE B2k zymolysis of fermented milk
Jind st 0.066 3 6.600 9.8 e Jok o KREHY ReWil  EAR  wiR/ EEY
TR 0.221 312100 928 x Wyihss % h C
i 0.097 3 9700 9.8 x ; i; 2 1(5) 8'1(5) Z 22
REE I 0.038 3 3.800 9.8 3 . 6 s 020 o .
eyl 0.010 3 1.000 928 4 12 6 15 015 3 55
W 0.11 3 9.28 5 12 6 2.0 0.15 8 55

2.5 [ERnBRTNE QBB REME A BEY)

TERETE T MRV | 2 A AR I A 2 0 , DFFENR
JU i 2 P PG R A D A . i AR AL S g
B S BB O B R TR, ()5 25K
Uiogl G (AP NIER v w1 [ i = ORI B e TS TN
ARSI, L0 017 T ) A 1o o R AR
B0 pH SEMAHR, pH I R 2 I A s P41
YEHT, TNIAESR 5 Xt I 0 1655 2 1 MRS o 144 7
B, ARG i mEA 0, MY OREE A S , I AE
PR IST 1R] DA T 2 30 F AR A TR T ). 368 00 5 e i
JE RO B IR IITR | Ui B E SRR A0 5 R AR
AT il R S0 A 4T Je . 2 36 ) i 5 i i s
it 8 ORI R ERY, TR IR 6.

TE 5 NMERTRY, 4 SHENRIETE
7) , EDRE T BEA RN 1.5%, & ARG INE: 0.15%,
ToK YA IR 12%, KREREINE 6%, Bk
55 °C, Ffgita) 8 h, A4/ FFA i 11.12%, FAA iy
1.12%, Bef#%R 71.6%.

R7T FAEFRZEYH FFAF FAA
Tab.7 FFA and FAA fermented milk of different experi-

mental programs

LES kG FFA/% FAA/%
1 10225 1 0.922 1
2 10412 5 0.976 8
3 11.033 7 1.104 1
4 11.115 8 1.123 7
5 10276 6 1.112 8




2012412 A

TR, 4. B R RIS Y 2 1 205 - 19 -

26 REIFM

T A 8 AP N X B T WA Mo 1 25
@ B T IR KUR AR AR PN IR 5
At LR TS IRy EA T LR, PRAN AR AR 8. AR 8
7t ARSI 6 10 TR A IR AR TS A R XU
A BAT AT ) W T A R XU, HE A2 0
(LR AE RN B ARE AN FRAR, 7 i B B (L
NI o A IR IR, B S, T H )

A (8 2 o W IR Ry SRR TR B, B — 5 S0
7 it (R B AN BRAEL, AR AN L, A7 ROBORL, A
P57, U TR ST E AT IR R 5 B, 3% i iR
HE TR AR AR Y 5 TR L, S il £ A 45
A FEAE ORI Rl , (R S BERE 2. R
FRISRE , S50 e XU AR M7 S W b 2k
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Tab.8 Sensory evaluation results of mold cheese powder and the imported cheese powder

e g S LU U R

B BE BRI BE BB I BB #H BEE D
1 Ei R B RAM Sy LIRS DimERESR R B
2 & T IR Ra Bk A YR A YSIR EH &
3 i} WH AR B Bk & WimEMRIE & B B
4 £ WH AT A AR Bk i3 EER S Wik Eh pis
5 WA T o i AR EH O ATIRES PR UImEOREE R B
6 ki HH BN B W w® WIRRARGY WA By By
7 Ei R EHIE A AR i3 LUUSTRE YR B 8y Br
8 MR R B B Bk Bk Wik WImRURAR K &t 4

2.7  RR#BTHIMNE

XA s R PR SR T , 02 45 2R K o
N 9.71%, EEBE R 29.21%, MR & Ry
27.23%, A GHEITYIRBARLT OK> 558 7.35%, &
FUS & i 35.53%, MUIRIT & i 24.91%) .

A SIS TS [ AR A IO GC-MS - 4
AN B TR K I LW I EA T KUy Jo g s . 0
BRI 9.
x99 BERABANRHSHEOVNEHTIERNRIDRRSE

lad:q
Tab.9 Flavor and content comparison of mold cheese
powder and imported cheese powder

F2 2 KA 5 T R IR RL A3/ % T E /%
R 3.089 3.426
¥R 5.168 4.112
BS54 8.470 5.207
IS THI 3.912 1.224
4R 2 Tk 16.92 5213
FH:RR 3.577 1.485
T =L R 18.57 5.127
HRRTHIER 2.493 1.135
TPk 2 B 8.457 4533
KRR 2 3.442 3.147

M2 9 R, 2 IR oAl B s JKUBR
(19 43 79 5 SR AR 1) R 3 A o g L

Py R ARL, (R S AN TR 25l i T L 5
For B XK 9y Jo 55 WD g R TR i X A
ZEN AT REAT LAR AN SR« i T T2 ), 2 R I
BUWIIE B ELARAE R B RCS W I AR Bk A, X
PEAot A2 I B T 0 5 (0 FH A RN (), AR S2 808 P )
i ) 7602 S R R0 Y e L TR R I A A
IR KR, SEYAE 2800 281 B K ZFIIE S 5L 86,
E T AR R LA XA T AT 7
WA, (AT K Sifp 7™ 490 3 00 A PRI 25 0 I TR R 5

3 & &
ARSI VLA 186 7 5 . 28 T R AUREBUI T B

FEAE R & T TR R, 38 5 1% 5% 5 I g LU S R W R
(FFA) FIjiif 25 2 5LmR (FAA) &, DL N FEhRIR4s &
T VE A B SR A R W A R B B R LI
B B R A AR R B R i (R T
i) K 1.94 x 10°mL™", 29 °C . 95 t/min % JK 3% 55
4d.

A Rt ) 0 P A I ) AL PR 2R S I S I, Ao
1F 2 S B0 % il A S AR A T AR AR I B A T2 A2 g
WG E A IR 1.5%, EEABFEA NS 0.15%, JoK W5
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W 12%, KEREinEh 6%, MffiE 55 C,
figf i) 8 h. WA e S AR IR & ik 11.12%, JiF
B R 1.12%, JEfREE 71.6%.

ZIRETERE , AR SRR 1 KUK 5 12E 11 473 % 3 A+
VT, AP . AR SIS KRR S A BRA b SR
AT , e 25K 3 9.71%, BRI 29.21%,
FARIT 27.23% , FEAS 53k DT I A AH L.
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