R AR W E

bt 51 17-21, 2009

2 e F— A NE I IE O JERHRATHIE 14

EHPHE - BB TR - 5fE EEY - S8 RGP MKk

AbiEE ARG ARG

FRERERT, 086-1135

Vb E TR AR AR, ERET, 080-1275
P TIRET RS THHEE > & —, LIRET, 080-1275

Nondestructive Evaluation of the Internal Structure of Cheese by Diagnostic
Ultrasound System

Asuka KUBOTA, Tetsuya WATANABE "’

, Michiharu TAKAHASHI?,

Masanobu TAKAHASH], Tsunao HIRAI

Hokkaido Prefectural Konsen Agricultural Experiment Station, Nakashibetsu,Hokkaido 086-1135
Y Hokkaido Shihoro High School, Shihoro,Hokkaido 080-1275
) Shihoro Food Product Research Center, Shihoro, Hokkaido 080-1275

F—0—F  GEREEBIEER. HAk—)), BEEER X1 A5 TF—X
Key words : Diagnostic ultrasound system, Gas hole, Ultrasonic image, Swiss-type cheese

Z

¥y AMORRENEET BT F I3 NF—XDOHR
BIBWT, ZORRBETTF — X DONERHERE 2 I8k
BERCHS Z 213, MEOHR. HMETREO%ED S
WIZELE O X R ORERICE 5T %, £ZT, F—XD
NEBIZAE U 5 EROES 2 B EHEGZHEBICSI o
THHLEZDONBRF Lz, TOME. T AK—),
AN AN TV BLOBFHEOHF A MICERT S
B0y 70T, BEFOETEEHET S
ENTER, LML, BEROHFSFEEFGICHE
ETHMOr Ty i, ZOEBEBRA T VR—)V
HEELLTBY, EEOHBYRETH> -, HIZE
HAERT AINVADEHEANOEEERFNTS L. F—X
DOEREICTFET BT 1 VLIRS LU TKES RO K
BOEIBEMLZ. 74 VLOME, BiEBIUE
IOENIEBF—ZXORNEFTHEEANDEEIFI AL
WO LNRMMh T,

WEDAAAYA TF—X28EL, BRBETE
CBHZERICDNWTRAMNICERTHRREL., dhETH
F5E TR O F — X Wi & b U7z, #4k 0 H B Ti.
HE I NS 2 Rk U TR I 0K B AV BRI

ZH 2000682A48

Bonizhoiz, Liarl. 1IBBETIH A R—IVICH
FTHEMNBERIN, 250 BITIZZFDOEFEOBEINNHE
EINZ. 2. TOHFAF=ILANOES T, 18H
Bico v o tEEEINSHBNEREEIN, 25HE KT
BAfE & 2o 72,

DI ED#ERMNS, BEEEGZSHEEZH VWD I L
KD, F—XONEEE 2 IERENICH D ZEMNT
&, AERBORHFERAPEE THEOBESITRHATE
5 EMREINTZ

Summary

The objective of this study was to evaluate the
effectiveness of diagnostic ultrasound system in order to
observe internal structure of cheese.

Firstly, ultrasonic images of Gouda-type and Swiss-type
cheese were compared respectively to their sliced sections
as to the presence of structural elements (gas holes,
mechanical holes and cracks). In thickly rinded cheese or
cheese which had vertically reflected cracks, ultrasonic
images were not so distinct. But, in cheese which had gas
holes, mechanical holes and horizontally reflected cracks,
ultrasonic images were distinct and internal structural

elements were positively identified. Secondly, the effects
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of vacuum package films of different material and
thickness on ultrasonic image were investigated.
Although the horizontal reflection image was enhanced as
the thickness of film increased, differences in film material
and thickness did not influence the 'image of internal
structure. Lastly, The change of internal structure of Swiss-
type cheese during ripening process was observed by
diagnostic ultrasound system. Gas holes were first detected
on the 11th day, and their size gradually increased on the
18th and the 25th days. Cracks were noted on the 18th day
and became more visible on the 25th day.

In conclusion, these results demonstrate that internal
structure of cheese can be evaluated nondestructively by
diagnostic ultrasound system, so that quality control will
be improved by early detection and elimination of inferior

quality cheese.
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Table 1 A manufacturing process of Gouda-type cheese(Konsen) and Swiss- type cheese(Konsen,Shihoro)

Gouda-type cheese Swiss-type cheese
. Konsen Konsen Shihoro
Milk (FAT%/PRO%) 34,32 3.03.2 3.0,/3.2
Pasteurization 75°C * 15s 75°C - 155 63°C - 30min
Starter1)additive amounty)
FLORA-DANICA 3 1800ml — —
O-starter 3) - 900m1 1215ml
ST-BO1 3 — 200ml1 23ml
LH-B02 3 i — 200m1 12. 5ml
PS-1(Propionibacterium) 4 - 0. Iunit 0.015unit
Setting 32°C - 30min 32°C - 30min 34°C « 30min
Rennet 5 additive amount 2 19ml 19ml 15ml
Curd size 10mm 5~10mm 15~20mm
draining whey of 30% of draining whey of 30% of
Addition of water the milk and addition of hot - the milk and addition of
water hot water
Warming speed 0.3°C /min 1°C /min 0. 6°C /min
Cooking 38°C * 30min 52°C « 30min 48°C - 30min
Vat press 30min 30min 20min
Mold size 1kg 1kg 3ke
Mold press 2h 16h 16h
Salting 20% + 10h 20% - 6h 22% -+ 4h
Dried 12°C - 10d 12°C - 10d 18°C - 4d
Vacuum packaging O — —
Ripening
Primary ripening 12°C * 3mo 30°C - 4wk 12°C, 2wk
Secondary ripening - 22°C - 3wk

Tertiary ripening

12°C + 6~12mo
— 7.5°C » 4~12mo

1) A product made in Chr.Hansen's 2) Quantity of addition for raw materials milk 100L
3) Preparation of starter culture 4) Freeze-dried DVS culture 5) Calf rennet(NATURETM,Chr.Hansen's)
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Fig. 1 Comparison of the ultrasonic images of the
internal structure of cheese fo their sliced sections

—  reflection image of cheese bottom

A : homogeneous internal structure(Gouda-type cheese

ripening 3 month)

B :thickly rinded (Gouda-type cheese ripening 3 month)

C normal gas holes(Gouda-type cheese ripening 3 month)

D mechanical holes(Gouda-type cheese ripening 3 month)

E ‘horizontal crack(Gouda-type cheese ripening 3 month)

F ! vertical crack(Swiss-type cheese ripening 2 month)

G ' abnormal gas holes by butyric acid fermentation

(Gouda-type cheese ripening 2 month)
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Fig. 2 Ultrasonic images of films of different kinds and
thickness used in vacuum packing cheese

< horizontal reflection image

A control image(no film ,no vacuum packing)

B : high density polyethylene resin (12 ¢ m)

C  poly vinylidene chloride resin (20 & m)

D : low density polyethylene resin (30 & m)

E

F

! low density polyethylene resin +nylon resin layer (70 1 m)

* nylon poly resin layer+nylon resin layer (80 & m)

BEAERT 1 VAPBERERICRTTEE
HREAERAT IV LOME - #E - EXDEVDE
BICKIETHEII DN THA L 2R %2Fig 21TR
T, BZEARICHERALZF—XEH AR08 5
NEI—FIATF—XTH5D, BERERD LI
Bz R 7 1 )V LSRR T S8R O KE R MO K4
B D 5N, ZOKERFERIZT 1 IV LDIRENK
ELRBIFERINF ML, UL, SEBFNE
TAINVLDOME, #EBXVOESIZ. F—XHEDOH
BRERTA2REGICEEZRITI IR &
(Fig. 2).

I, F—XREOVU > REEEZHE, 3 51C#E
YMOREEMADHWTRIEY « VLAEOREEA K
BIEOREAVWTEEGETS I LNERLTNS
(REREE > —. 1996, 1997) 2%, Zh 5 DAL
EMOEE R EREEEE & AW F— XN D
BROEEZERIZIZRORVWEZZ OGN, LML,
F—AEEEELEAER T « IV LAORICEKINTEET
LIREETIE, BEENEZ TRELF— XA % B
TERNWIZIEDEZSND, TOREY., BEKEGE
BEAWTEZEEINEF X 28R T 55513,
F—X BT 4 VA EBEIEDHIENEET
H5,

F— XHEIBRICE T 2 REREEDE A 1R

BEDOAA AT TF— X855 L, REBETE
UCAZRICONWTHAMICEGRE L., dbE TR
SETHOF— AW & i Uiz, #5k0 HE TS, B
BIRNER S 2 R U TR BB IO K SHEI3E
5N/ n o7 (Fig 34). LaL. 11AETIEHN 2 HR—
VICHRT 2= AGBEEIN (Fig 3 B-1). 250
H (Fig. 3 D-1) I3 2 DAMOIANHE SN2, X
Jeo ZOHAR—INVESNOESTISHEIIC Y Ty 7 &
HEINDHENHROBIBIRIN (Fig. 3C-2). 25
HERIZESICHEELR> = (Fig. 3 D-2).

BRI A A 25 A T F — X3 ILRE O FrF ek &
LTRRBLEZEDHD. 60~130kg &A=
ARTERIRAAS 3 o AMBIEEEW (P &
B, 1998)0 XA AF AT F—ZXDIAL Y —
VT 24 T— IV DK5E35.2 %.36.3 %
EHEINTND (FEE T, 1998), 5H.
U7 Lkg EO/NBZA R 51 TF— X3
EIREAR0H B TH R R—)b A= H)k—
W 590 DRWEEREBTHICD
Db ST, FORICYT Ty I BABEIN
Fro TOEICY Ty IHELERRIZ. &
10 HEOF — XHNE DK & 81340, 8 %
THo EHERIAR 6 » A HDOF— X HE
BLOY > ROASHM, FNZEN30.9 %,
24.6 %EELLEFLTH D, NUTHZES



BT HEGSHREZ AW T— XNERE O IR ERIBIE

Fig. 3 High temperature(30°C) ripening process of
Swiss-type cheese

* high temperature ripening at Oth day

* high temperature ripening at 11th day

: high temperature ripening at 18th day

* high temperature ripening at 25th day

* high temperature ripening at 25th day and low temperature
(12°C) ripening at 6 month

> gas hole formation process

; crack formation process
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