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This work was undertaken to determine the degree of retention in green cheese of nitrate added
at the initiation of the cheese making process, and to observe the reduction of nitrate and the for-
mation of nitrite in cheese during the ripening process. Furthermore, in order to understand whether
Penicillium candidum inoculated in the manufacturing process as fungal starter are related to the
reduction, the effects of microorganisms on the reduction of nitrate and formation of nitrite during
ripening in cheese were evaluated. The results were as follows; (1) The retention ratic of nitrate
added in the manufacturing process to the green cheese was approximately 7~8% for Gouda cheese
and 13~15% for Camembert cheese. There was a close relation between the degree of retention of
nitrate added and moisture contents in green Camembert and Gouda cheese. (2} It was found that
nitrate reduction and nitrite formation or disappearance in Camembert cheese are more remarkable
than those in Gouda and Blue cheese. In general, the maximum nitrite—forming time in Camembert
cheese coincided with the time suitable to eat. (8) As a result of comparative experiments with F.
candidum culture, it was ascertained that notable reduction of nitrate and nitrite in Camembert
cheese during the.ripening process may depend on nitrate and nitrite reducibilities derived from P

candidum starter inoculated at the initiation of ripening process.
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Table 1 Retention of nitrate added at the making process in green cheese of Gouda and

Camembert cheese

Gouda Camembert
Sample No. e e
1 2 3 4 1 2 3 4 5
Retention ratio-of nitrate (%) 6.9 7.9 7.2 8.0 14.0 15.5 14,9 13.1 8.9
Yield of green cheese (%) 12.1 1.1 11.7 12.9 14.6 15.9 16.8 17.4 12.5
Moisture in green cheese (%) 45.8 47.5 47.4 47.5 64. 0 69.5 61.3 57.3 50.0
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Table 2 Nitrate reduction activity of some
bacterial strains isolated from Camem-
bert and Gpuda cheese and lactic
culture

Nltrate reductmn actw1ty

St?%ti?j;lo_ Ianbatlon perlod?m( )

20 44 66 89 112 164
1 — —_ — - — —
) — — — - — _
3 + + + + +  ++
4 + +4+ ++ ++ ++
5 + +r 4+ + 4+ + ++

Lactic culture — - — — — —

Bacterial strain 1,2 and 3 are spherical cells and

4 and 5 are rod-shaped cells

— @ Nitrate reduction activity is negative

+ : Nitrate reduction activity is positive

-4 Nitrate and nitrite reduction activity is
positive
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Table 3 Nitrate reduction activity of some fungal strains isolated from Camembert, Blue and
Gouda cheese and culture of P. candidwm and P. rogueforti

Nitrate reduction activity

TFungal strain No.

Incubation periods (day)

4 5 7 8 10 16

1 2 3
1 - + + + + + ++ ++ ++
2 - + P + + ++ ++ ++ -k
3 — — —_ —_ — — —_ — —_—
Culture of P. candidum - + + + + + ++ ++ 4+
Culture of P. rogueforti — + + + + + 4 ARER ++

Fungal strain 1,2 and 3 were isolated from Camembert, Blue and Gouda cheese, respectively

— : Nitrate reduction activity is nagative
+ : Nitrate reduction activity is positive

-+ +: Nitrate and nitrite reduction activity is positive

Table 4 Characteristics of nitrate reducible
hacteria isolated from Camembert and
Gouda cheese

Table 5 Microscopic and colony characteristics
of isolated fungi from Camembert
cheese-strain No. 1

Strain No.
3 4 5
Motile* — + +
Growth condition*®
Aerobic + + +
Anaerobic + + +
Catalase test + . +
OF test F F F
Endospore formation®* — + +
Cell characteristics
Gram stain + 4 +
Shape S R R
q1.0x 0. 4~0. 6%

Size (pm) 0.6~0.7 5540 1.51.8

* At 22°C and 37°C
*% [n anaerobic condition
S: Spherical, R: Reod.

DB BFETME~= YV EFL, FOM Table 6 i
RLI- AR BRI D T P. roguefortii g+ 5 4
D LB E Rt XL A S — & — BTSSR
P. candidum ¥ X U° P. roquefortii % %M & LTI
e ok, No. Lk P candidum &, ¥72 No. 2
it P. rogquefortii  FhFHEA—OLOTHL LHES
hice

IheEDI kb, chETCRBRERShich = v<—

Conidrophore: Borne from aerial hyphae, septate

Stipes 1 130~300 x 4.0 pm, with roughened
walls

Penicilli . Asymmetrical terverticillate or
guarterverticillate

Rami : Verticils of 2~3

Metulae : 3~5 per ramus, 10~12x3~4 pm

Phialide - Divergant verticils of 3~5, ampul-
liform 10~15x2~4 pm

Conidia : Subspheroidal to  spheroidal,
smooth walled 4~5 gm, borne in
short dissordered chains

Colonies : Plane, convex, deeply floccose,

margins entire, white mycelium

AF — X COEF MR, hotasx—2—4
LTSt P candidum Ofiifts I ONREGE
Tk L34 DCch s o AR I,
L bomisngehi-ow, B/E P
SOWER CHEROME SR AR TR, WO
40 B G TERR JCIG A AT D I AR E A0 D

B 9

B RN S IR D 7 ) — v — Xeoff
5 - SRR YT B R OB T b UV ISR o
&R, XHF—AOMEY, BhUARx 2L L

candidun
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Table 6 Microscopic and coleny characteristics
of isclated fungi from Blue cheese-
sirain No. 2

Conidiophore: Borne from subsurface hyphae,

septate

Stipes : 100~130x4. 0~6.0 pm, walls thin
and characteristically tuberculate

Penicilli : Asymmetrical terverticillate,
rarely biverticillate

Rami : One per penicilli, 20x4.0 gm,
walls tuberculate

Metulae : 1~2 per ramus, 10x3.0~4.0 pm,
walls tuberculate

Phialide : Verticils of 7~10, ampulliform,

' 10% 3. 0red, § pern

Conidia : Subspherical to spherical, 3.5~
4.0 pm, smooth walls, dark green,
borne in long discordered columns

Colonies : Plane, velutinous, margins low,

irregular, inconspicuous white
mycelinm, reverse brown green to
blue green
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