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Abstract

The aim of this study was to develop a loess-coated ripening system for Gouda cheese. The quality characteristics
of the coated Gouda cheese one and two months after the ripening were compared. The moisture content of loess
was the lowest in white clay (WL). The antifungal effect of WL was slightly higher than that of the other samples.
It was confirmed that the heavy metal content in the loess was within the soil pollution concern standard and
countermeasure standard. The content of NH;-N was the lowest at 143.51 mg% in WL followed by 204.88 mg%
in red loess (RL). Gouda cheese is a hard cheese. In the present study, the moisture content after 60 days of
ripening was within the range for WG (WL-coated Gouda cheese after ripening) only. During ripening, the pH
and titratable acidity of the cheese increased in all samples. The mineral contents of the cheese increased in the
order of Na, Ca, Mg, and K. The NH3-N content of the LG (laterite-coated Gouda cheese after ripening) was
lowest after 60 days of ripening. The WG showed the greatest reduction in NH;-N content from 30 to 60 days
of ripening. The heavy metal content in the Gouda cheeses coated with loess and ripening was within the food

standard range.
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Fig. 1. Manufacture method of Gouda cheese coated with loess.
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Fig. 2. The appearance of Gouda cheme after ripening 60 days.

A, Before surface removal; B, After surface removal. CG, Gouda cheese of ripening without coating; VG, Gouda cheese of ripening after vacuum packaged; LG, Gouda cheese
of laterite coating ripening ; RG, Gouda cheese of red loess coating ripening; YG, Gouda cheese of yellow ocher coating ripening; WG, Gouda cheese of white clay coating

ripening; BG, Gouda cheese of black soil coating ripening.
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Table 1. Quality characteristics of loess
Samples Moisture Mold inhiit effec Heavy metal (mg/L)
(%) (¢/30 mL) Pb cd As Hg Sn Cr Cu

LL’ 3481028 0.590.00° 0.024+0,009* 0027+0.007  0.184£0.001°  0.198+0.001*
RL 1.560.06° 0.57+0.00" 0.071+0.010° 0.027+0.004°  020240.001'  0.154+0.002°
YL 0.95%0.04° 0.600.01° 0.161£0.005" 0.001+0.001>  0.072+0.001°  0.147+0.000°
WL 0.22+0,02° 0.56:0.01° 0.04420,010° 00120010°  0.096£0.001°  0.1250.001°
BL 3.310.10° 0.59:0,00° 0.05020.009° 009120001 0.162£0.001°
BT A 0.61:0.00°

1

)

)
;All values are mean=SD.

w

“Not tested or not detected.

LL, Laterite; RL, Red loess; YL, Yellow ocher; WL, White clay; BL, Black soil; BT, Blank test.

Means in the same column followed by different uppercase letters are significantly different (p<0.05, a>b>c>d>e).
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Table 2. Proximate composition of Gouda cheese coated with loess during ripening period

(%)
Samples Moisture Crude protein Crude fat Crude ash
Before ripening 0 day 43.560.12%9 10.35:0.95° 21.4245.13 3.1840.14'
- 30 day 40.10£0.69° 11.68£036 2739214 175005
60 day 41.841225% 11.55+0,28 15.56£2.63" 271:0.16°
VG 30 day 43.73+0,64° 11.59+1.15 20.18+5.20° 2324042
60 day 4295¢1.19° 10.600.88° 20.014.39° 2.7240.28"
. 30 day 34.98+1.06° 13.8440.71° 19.67+035® 2.490.15%
60 day 4120£022° 11.85:0.27™ 12234473 3284017
R 30 day 34.46+1.20° 10.90:0.39™¢ 18.82+1.24® 2.2420.06°
60 day 38.89+2.43" 11.90+0.38"¢ 15.254637" 3.441026"
6 30 day 35.1542.85" 12.77+0.78 23.15+4.20° 2.56£0.15™
60 day 40.18+0.38"° 13.29+1.07° 2027£133® 3.561032"
wo 30 day 3491£147° 11.8920.68™ 17.0926.70 2.2240.24°
60 day 35774524 10.90:0.40" 18.634.42 3.5240.12°
BG 30 day 3521£2.78% 11.82+045™ 20.07£0.33® 2.5240.14%
60 day 38.95+1.53" 1349+1.58" 14.715.08® 3584024

)CG, Gouda cheese of ripening without coating; VG, Gouda cheese of ripening after vacuum packaged; LG, Gouda cheese of laterite coating ripening ; RG, Gouda cheese
of red loess coating ripening; YG, Gouda cheese of yellow ocher coating ripening; WG, Gouda cheese of white clay coating ripening; BG, Gouda cheese of black soil coating

zn'pening.
DAl values are meantSD.

'Means in the same column followed by different uppercase letters are significantly different (p<0.05, a>b>c>d).
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Table 3. The pH and titratable acidity of Gouda cheese coated with loess during ripening period

Samples pH Titratable acidity(%)

Before ripening 0 day 5.49:0.06%” 0.115+0.005°
- 30 day 6.47+0.01° 0.0960.005°
60 day 701£0.01° 0.156£0.011

30 day 5.870.03° 0.11920,008°

Ve 60 day 5.8410,01% 0.21420.004
. 30 day 5.83+0,02¢ 0.107+0.008%
60 day 5.75£0.01° 0.18420.022

R 30 day 5.8410,02% 0.14820.007*
60 day 5.74+0,017 0.12620.015*%

Vo 30 day 5.81:0,01° 0.159£0.004
60 day 5.76:0.01° 0218+0.047°

WG 30 day 5.85£0.03° 0.1470.002%
60 day 5.71:0.01° 0.191£0.035*

G 30 day 5.83:0.01% 0.137£0.008%
60 day 5.74£0.01 0232+0.019°

YCG, Gouda cheese of ripening without coating; VG, Gouda cheese of ripening after vacuum packaged; LG, Gouda cheese of laterite coating ripening ; RG, Gouda cheese
of red loess coating ripening; YG, Gouda cheese of yellow ocher coating ripening; WG, Gouda cheese of white clay coating ripening; BG, Gouda cheese of black soil

coatmg ripening.
All values are mean=SD.

IMeans in the same column followed by different uppercase letters are significantly different (p<0.05, a>b>c>d>e>f>g).
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Fig. 3. NHs-N content in loess.

LL, Laterite; RL, Red loess; YL, Yellow ocher; WL, White clay; BL, Black soil. All
values are meantSD. Means in the bar followed by different uppercase letters are
significantly different (p<0.05, a>b>c>d>e).
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Table 4. The contents of minerals in Gouda cheese coated with loess during ripening period

(mg%)
Samples Na K Ca Mg

Before ripening 0 day 1,254.5320.84%2% 310.08+3.88' 832.8042.10° 342.29+13.64™
- 30 day 1,335.29+17.32 342.04£8.32" 954.69+10.98" 325.18+8.06™
60 day 1,327.37+8.89' 542.64+22.99% 1,018.24+1.99° 339.39+8,08

Vo 30 day 1,186.4117.80il 580.54£7.27° 664.09£5.77" 329.14+41.20%
60 day 1,231.33+11.22" 571.09+2.67% 771.98+6.49" 328.84+17.27™

30 day 1,341.30£5.79" 593.92:+46.88™ 830.913.59% 278.6574.27%

LG 60 day 1,314.08+11.18" 500.27+4.66" 697.24+10.57¢ 308.83+2.48%
R 30 day 1,208.97+11.28 491.24+2.96' 555.43+4.44 372.74+4.44%
60 day 1,685.83428.65° 615.77+35.60° 580.47£17.60 317.3222.90%

Vo 30 day 1,508.90+19.16° 493.38+18.33" 550.94£10.56 338.70£5.64™
60 day 1,761.12+16.39" 544.17+5.68 957.49+10.96" 262.4319.10°
WG 30 day 1,271.32£1.468 528.88+19.09% 505.71£6.12% 350911165
60 day 1,731.55£17.97" 538.97+1.03% 815.58+8.88° 313.8246.68"

B 30 day 1,549.76+14.71¢ 407.0342.278 897.88+8.91° 377.16£1.70°
60 day 1,682.08427.12° 511.56+5.56%" 674.24+17.67" 338.29+20,04

CG, Gouda cheese of ripening without coating; VG, Gouda cheese of ripening after vacuum packaged; LG, Gouda cheese of laterite coating ripening ; RG, Gouda cheese
of red loess coating ripening; YG, Gouda cheese of yellow ocher coating ripening; WG, Gouda cheese of white clay coating ripening; BG, Gouda cheese of black soil coating

ripening.
PAll values are mean+SD.

IMeans in the same column followed by different uppercase letters are significantly different (p<0.05, a>b>c>d>e>f>g>h>i>j>K).
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Fig. 4. The contents of NHs-N in Gouda cheese coated with loess
during ripening period.

CG, Gouda cheese of ripening without coating; VG, Gouda cheese of ripening after
vacuum packaged; LG, Gouda cheese of laterite coating ripening ; RG, Gouda cheese
of red loess coating ripening; YG, Gouda cheese of yellow ocher coating ripening;
WG, Gouda cheese of white clay coating ripening; BG, Gouda cheese of black soil
coating ripening. All values are meanSD.
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Table 5. The content of heavy metals after ripening of Gouda cheese coated with loess

(mg/L)
Sample Pb Cd As Hg Sn Cr Cu
(oc 2 0.14240.001°
VG 0.0790.0018
LG 0.005£0.006"” 0.1520.000°
RG 0.134+0,001¢
YG 0.116+0.000°
WG 0.1830.001°
BG 0.089:0.001"

CG, Gouda cheese of ripening without coating; VG, Gouda cheese of ripening after vacuum packaged, LG, Gouda cheese of laterite coating ripening ; RG, Gouda cheese
of red loess coating ripening; YG, Gouda cheese of yellow ocher coating ripening; WG, Gouda cheese of white clay coating ripening; BG, Gouda cheese of black soil

coatmg ripening.
Not detected.

’Means in the same column followed by different uppercase letters are significantly different (p<0.035, a>b>c>d>e>f>g).

“All values are mean+SD.
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