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Abstract
This study compared the physicochemical quality characteristics of eight commercially
available ham products in Korea, including four products with synthetic nitrite (Nitrite A—D)
and four products with naturally derived nitrite (Alternative A—D). In addition, two laboratory-
manufactured hams prepared with either sodium nitrite (Nitrite-Lab) or a Chinese cabbage
juice-based pre-converted curing solution (Alternative-Lab) were compared with commercial
products. Commercial products showed significant variation in pH (6.03—6.54), water activity
(0.948-0.959), and salt content (1.46-2.07%), with no consistent trends by nitrite source. CIE
a* ranged from 11.71 to 14.92, with most products incorporating additional colorants regardless
of nitrite source. Residual nitrite was markedly higher in products with synthetic nitrite (15.71—
50.46 mg/kg) than in products with naturally derived nitrite (1.74-9.75 mg/kg). Alternative-
Lab showed lower pH (5.83) and CIE a* (10.67) values than commercial products (p<0.05),
while its water activity was comparable to that of commercial products (p>0.05). The residual
nitrite content of Alternative-Lab was lower than that of Nitrite-Lab (p<0.05). Cured pigment
and total pigment contents did not differ between the two laboratory-manufactured hams
(p>0.05), whereas the curing efficiency of Alternative-Lab (83.97%) was significantly higher
than that of Nitrite-Lab (79.73%; p<0.05). This study indicates that differences in the
physicochemical characteristics of commercial ham products may be associated with
formulation and processing practices as well as nitrite source. Furthermore, the Chinese
cabbage juice-based pre-converted curing system can reduce residual nitrite content while

maintaining curing efficiency and cured meat quality comparable to synthetic nitrite.

Keywords: pork ham, nitrite alternative, clean label, residual nitrite, curing efficiency
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417  Table 1. Information on commercially available and laboratory-manufactured hams with

418  synthetic nitrite or naturally derived nitrite used in this study

Nitrite source Treatments'  Curing/coloring system  Main ingredients declared on label

. Synthetic nitrite Pork, purified water, refined salt,
Nitrite-Lab ! )
(no colorant) sodium nitrite
o Synthetic nitrite I_30rk, purlfleo! water, re_flned salt,_
Nitrite-A mixed preparation (dextrin, gardenia
+ natural colorant . . L
red, gardenia yellow), sodium nitrite
Nitrite I Synthetic nitrite Pork: purlflegl water, refined s_alt,
Nitrite-B dextrin, cochineal extract, sodium
group + natural colorant S
) nitrite
(synthetic o .
nitrite) Pork, purified water, refined salt,
o Synthetic nitrite dextrin, cochineal extract, red cabbage
Nitrite-C . . .
+ natural colorant pigment, gardenia yellow, sodium
nitrite
L Pork, purified water, refined salt,
- Synthetic nitrite : . . .
Nitrite-D mixed preparation (dextrin, gardenia
+ natural colorant - . L
red, gardenia yellow), sodium nitrite
. Pork, purified water, refined salt,
. Pre-converted curing ;
Alternative-Lab . pre-converted vegetable curing
solution (no colorant) .
solution
Pork, purified water, refined salt,
Vegetable concentrate vegetable concentrate
Alternative-A  + nitrate-reducing bacteria  (VegeStable502), mixed preparation
) + natural colorant (dextrin, gardenia red, gardenia
Alternative yellow), nitrate-reducing bacteria
(ng:fj:]aﬁl Eruit mixed extract powder Pork, purified water, refined salt, fruit
irally Alternative-B P mixed extract powder, cochineal
derived + natural colorant
S extract
nitrite)

Pork, purified water, sea salt,
vegetable concentrate (Vege890),
mixed preparation (cochineal extract,
red cabbage pigment, dextrin),
gardenia yellow, dextrin

Celery powder Pork, purified water, refined salt,
+ natural colorant celery powder, lac pigment

419 ! Treatments: Nitrite-Lab, laboratory-manufactured ham with synthetic nitrite; Alternative-Lab,

Vegetable concentrate

Alternative-C
+ natural colorant

Alternative-D

420  laboratory-manufactured ham with a pre-converted curing solution; Nitritet A-D, commercially
421 available hams with synthetic nitrite; and Alternative A-D, commercially available hams with naturally
422  derived nitrite.

423
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424

425

426
427
428
429

430

Table 2. Formulation of laboratory-manufactured pork hams (Nitrite-Lab and

Alternative-Lab)

Ingredients (%0)* Nitrite-Lab? Alternative-Lab?
Pork ham 100.00 100.00
Refined salt 1.50 1.50
Sugar 1.00 1.00
Sodium tripolyphosphate 0.30 0.30
Sodium nitrite 0.01 -
Sodium ascorbate 0.05 0.05
Purified water 22.14 1.32
Pre-converted vegetable curing solution - 20.83
Total 125.00 125.00

L All values are expressed as percentages (%) on a meat weight basis.
2 Nitrite-Lab: Laboratory-manufactured ham formulated with synthetic sodium nitrite.
% Alternative-Lab: Laboratory-manufactured ham formulated with a Chinese cabbage juice-based pre-

converted curing solution (containing 480.08 mg/kg NaNO- equivalent).
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431

432

433
434
435
436
437
438
439

440

Table 3. pH, water activity, and salt content of commercially available and laboratory-

manufactured hams containing synthetic or naturally derived nitrite

Treatments pH Water activity Salt content (%)

Nitrite-Lab 6.19+0.01° 0.948+0.0038 1.37+0.02¢

Nitrite Nitrite-A 6.21+0.02¢P 0.948+0.0038 1.79+0.01¢P
group Nitrite-B 6.37+0.028 0.951+0.003%8 1.76+0.02P
(synthetic Nitrite-C 6.54+0.027 0.951+0.00248 1.75+0.05°

nitrite) Nitrite-D 6.51+0.014 0.952+0.00248 1.85+0.018C
Pooled mean 6.35+0.032 0.950+0.000? 1.68+0.042
Alternative-Lab 5.83+0.01F 0.951+0.00378 1.57+0.03¢
Alternative  Alternative-A 6.40+0.018 0.959+0.0024 1.48+0.01F
(ng{l‘j:*aﬁly Alternative-B 6.03+0.07¢ 0.952+0.00248 2.07+0.054
derived  Alternative-C 6.30+0.018¢ 0.955:0.00248 1.46+0.02°
nitrite) Alternative-D 6.36+0.028 0.951+0.003"8 1.91+0.028
Pooled mean 6.15+0.04° 0.950+0.000? 1.69+0.05%

All values are expressed as mean = SE. Laboratory-manufactured hams represent 3 independent

manufacturing replicates; commercial products represent 3 independent purchases obtained on different

dates from different production lots.

AG Different superscript letters within the same column indicate significant differences among

treatments (p<0.05).

a b Different superscript letters for pooled means within a dependent variable indicate significant

differences between the Nitrite and Alternative groups (p<0.05).

26



441  Table 4. CIE color values (L¥, a*, b¥) of commercially available and laboratory-
442  manufactured hams containing synthetic or naturally derived nitrite
Treatments CIEL* CIE a* CIE b*
Nitrite-Lab 65.69:+0.3285¢ 11.27+0.16F 6.84+0.08F
Nitrite Nitrite-A 55.56+0.23¢ 13.14+0.12¢ 11.92+0.16%
group Nitrite-B 65.13+0.35¢ 13.34+0.17°¢ 5.60+0.13°
(synthetic Nitrite-C 61.66+0.38F 14.36+0.148 11.53+0.128
nitrite) Nitrite-D 56.12+0.16% 14,920,117 11.39+0.07°
Pooled mean 61.14+0.56" 13.2740.18° 9.29+0.34°
Alternative-Lab 67.10+0.20* 10.67+0.16" 6.98+0.07F
Alternative  Alternative-A 56.60+0.28" 14.32+0.148 8.22+0.10°
group Alternative-B 66.20+0.28° 11.71+0.17PF 6.31+0.11°
(naturally .
derived Alternative-C 63.93+0.35° 11.86+0.29° 11.60+0.148
nitrite) Alternative-D 62.17+0.24F 12.89+0.15°¢ 8.71+0.07¢
Pooled mean 63.44+0.48° 12.19+0.18° 8.28+0.23"

443  All values are expressed as mean + SE. Laboratory-manufactured hams represent 3 independent
444  manufacturing replicates; commercial products represent 3 independent purchases obtained on different
445  dates from different production lots.

446  AC Different superscript letters within the same column indicate significant differences among
447  treatments (p<0.05).

448 &P Different superscript letters for pooled means within a dependent variable indicate significant
449  differences between the Nitrite and Alternative groups (p<0.05).

450
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451

452

453

454
455
456
457
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459
460
461

Table 5. Residual nitrite content, cured pigment, total pigment, and curing efficiency of

commercially available and laboratory-manufactured hams containing synthetic or

naturally derived nitrite

Residual Cured Total Curing
Treatments nitrite content pigment pigment efficiency
(mg/kg) (mg/kg) (mg/kg) (%0)
Nitrite-Lab 15.7740.27°  44.15+1.09¢  55.42+1.44°  79.73+0.41°
Nitrite Nitrite-A 15.71+1.29°  28.03+0.335F  41.71+0.23°  67.22+0.77°
group Nitrite-B 24.30+1.02°  32.14+0.80°  39.67+0.54°F  80.92+1.17¢P
(synthetic Nitrite-C 50.46+0.73*  52.20+1.508 58.25+0.958  89.45+1.487
nitrite) Nitrite-D 35.69+1.418  71.0520.50°  84.66+1.17°  84.09%1.248C
Pooled mean  27.60+1.71° 45.43+1.92° 55.91+2.02° 80.25+1.00°
Alternative-Lab ~ 8.12+0.40F 4459+0.99°  53.13+1.23°  83.97+0.28BC
Alternative  Alternative-A 5.40+0.40F 44.13+0.17°  58.82+0.268  75.03+0.21F
(ng[;’faﬁly Alternative-B 1.74+0.32¢ 30.55+0.11°F  35.13+0.15F  86.96+0.46"8
derived  Alternative-C 4.10+0.13F 26.78+1.78° 37.74+0.65F 70.34+3.76F
nitrite)  Alternative-D 9.75+0.13F 29.58+0.49F 38.31+0.15F  77.23+1.30°F
Pooled mean 5.97+0.38° 35.72+1.06° 45.16+1.23° 79.03+1.05?

All values are expressed as mean * SE. Laboratory-manufactured hams represent 3 independent

manufacturing replicates; commercial products represent 3 independent purchases obtained on different

dates from different production lots.

AG Different superscript letters within the same column indicate significant differences among

treatments (p<0.05).

a b Different superscript letters for pooled means within a dependent variable indicate significant

differences between the Nitrite and Alternative groups (p<0.05).
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