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ABSTRACT

Calcium chloride or potassium chloride was used together with acetic acid
or citric acid to partially replace sodium chloride in the salting process of
plums and meis, in order to investigate the feasibility of low-sodium salting
storage of the fruits. The optimal conditions of low-sodium salting process,
which can keep good appearances of plums and meis and prevent the contami-
nation of microorganisms, were also studied by response surface methodology.
During the salting storage of plums, the growth of microorganisms could be
inhibited by the addition of sodium chloride above 18% of fruit weight together
with calcium or potassium &hloride and acetic or citric acids. As for meis,
the growth of microorganisms during the salting storage of the fruits could be
inhibited by sodium chloride above 15% of the fruit weight. The plums with
higher firmness, "L” and “a” color yalues could be obtained when the fruits
were salted with sodium chloride together with calcium chloride and acetic

* Corresponding author.
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acid. The meis with higher firmness could be obtained by salting the fruits
with sodium and calcium chlorides, while the meis with higher color values
could be obtained by salting with sodium chloride and citric acid, or with sodium
chloride together with potassium chloride and either one of both organic acids.
The optimal low-sodium salting brine for plums was 18% of sodium chloride,
59 of calcium chloride, and 0.4% of acetic acid, while the optimal salting brine
for meis was 169 of sodium chloride and 0.26% citric acid, or with 18% of
sodium chloride together with calcium chloride and either one of both organic
acids. By comparing the qualities of the salted fruits and amounts of sodium
ion in the salted fruits obtained by the process of low-sodium salting and local
manufacturer’s salting, it revealed that higher-quality plums and equivalent-
quality meis could be obtained by low-sodium salting process, and the contents
of sodium ion in meis could be reduced about 25% of the local manufacturer’s.

Key words: Low-sodium salt, Storage, Plum, Mei.
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Table 1. Experimental design of response surface methodology for the
salting storage of meis and plums

Variable Code o « | o .
Run No. o P Y3 % 1%;:5' &;(Sgsi)l: fr Aé‘:f::s :fiig Time (day)
1 1 1 1 7.00(30.0) 0.6 115
2 1 1 —1 7.00(30.0) 0.6 35
3 1 =1 -1 7.00(30.0) 0.2 35
4 1 ~1 1 7.00(30.0) 0.2 115
5 —1 1 1 3.00(20.0) 0.6 115
6 -1 1 -1 3.00(20.0) 0.6 B -
7 —1 =1 f 3.00(20.0) 0.2 TR
8 -1 —1 ] 3.00(20.0) 0.2 115
9 0 0 —1.68 5.00(25.0) 0.4 . 8 -
10 0 0 1.68 s 5.00(25.0) 0.4 142
I 0 —1.68 0 5.00(25.0) 0.08 ™ - 5, ..
12 0 . 1.68 0 5.00(25.0) 0.74 ol ?&
13 —1.68 0 0 1.64(16.6) - 0.4 75
14 1.68 0 0 8.36(33.4) 0.4 75
5 | 0 0 0 5.00(25.0) 0.4 s
16 0 0 0 5.00(25.0) 0.4 75
i7 0 0 0 5.00(25.0) 0.4 75 .
18 0 0 0 5.00(25.0) 0.4 .. 75"
19 * o0 0 0 5.00(25.0) 0.4 75
20 0 0 0 5.00(25.0) 0.4 75

* Potassium chloride or calcium chloride was used together with 18.0% of sodium chigride

in the experiments.

** Sodium chloride was used in the experiment without the addition of potassium chloride
“or calcium chloride.
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Table 2. The salt content and pH value of salting liquor, and the water
activity, total plate count, and yeast & mold of plums after
180-day salting storage with different concentrations of salts
and organic acids
SR comene @3] DB | Aw | TR | X,
15% NaCl 16.2 261 | 0.92 | <10 32,000
18% NaCl 21.6 2.73 | 0.88 <10 10
18% NaCl+04% Acetic acid 21.6 2.43 0.82 <10 <10
18% NaCl4-0.4% Citric acid 21.0 2.48 0.84 » <10 <10
219 NaCl 23.0 2.61 | 0.83 <10 <10
15% NaCl+3% CaCli40.4% Acetic acid 2.2 b 2.1 | 0.82 <10 <10
15% NaCl+3% CaCly+04% Citric acid 22.0 2.19 | 0.81 <10 <10
15% NaCl+3% KC14+04% Acetic acid " 21.0 249 | 083 |7 <10 <10
15% NaCl+3% KCl40.4% Citric acid 19.6 2.61 | 0.81 <10 <10
= LHAFEEEER MM ESEE T 120 KA EHKEER pHE» LIRETF2
KiEH - REBAREHEE THA
Table 3. The salt content and pH value of salting liquor, and_the water
activity, total plate count, and yeast & mold of meis after
120-day salting storage with different concentrations of salts
and organic acids :
i
Treatmefft - cblmggth('%), PH | Aw Totl:aoltirl:tla[e &Yri:;ltd
15% NaCl 19.6 1.88 | 0.84 <10 - <10
18% NacCl 21.8 1.76 0.82 <10 <10
18% NaCl4-0.4% Acetic acid 22.0 [.70 0.81 <10 <10
18% NaCl+40.4% Citric acid 21.8 d.64 0.85 <10 <10
21% NaCl 23.6 1.67 0.81 <10 <10
15% NaCl+3% CaCl+04% Acetic acid 23.4 1.41 0.82 <10 <10
15% NaCl+3% CaCli+0.4% Citric acid 23.8 1.29 0.85 | <10 <10
15% NaCl+3% KCl1404% Acetic acid <220 1.72 0.82 <10 <10
15% NaCl+3% KCIi4-042% Citric acid 22.4 l 1.68 0.85 <10 <10

B T2 ARBENRURR PR INE S » BHENKz pH ERFFEMART ZNHBEY £
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Fig. 1. Changes in firmnes§ of plums during 180-day salting storage with different
concentrations of salts and organic acids.
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Fig. 2. Relative firmness of meis after 30-, 60-, 90- and 120-day salting storage with
different concentrations of salts and organic acids.

A: 15%, 18%, 21%, 25%, 30%, 35% NaCl.

B: A404% Acetic acid.

C: A4+042% Citric acid.

D: 159 NaCl+1, 3, 5, 7, 10% CaCl:+0.4% Acetic acid.
E: 152 NaCl+1, 3, 5, 7, 10% CaCl;4+0.4%, Citric acid.
F: 159 NaCl+1, 3, 5, 7, 10% KCI+04% Acetic acid.
G: 153% NaCl+1, 3, 5, 7, 10% KCl14+04% Citric acid.
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Fig. 3. Changes in "L" color values of plums during 180-day salting storage with
different concentrations of salts and organic acids.
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Fig. 4. Changes in "a” color values of plums during 180-day salting storage
with different concentrations of salts and organic acids.
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Fig. 5. Changes in "L" color values of meis during 120-day salting storage
with different concentrations of salts and organic acids.
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Fig. 6. Changes in "b" color values of meis during 120-day salting storage with -
different concentrations of salts and organic acids.

351

~ SEEE T RERE  FEEREIETT IO WHKE—C RIEMdmERARAET o LI SAS TR LRI
A Statgraphics MERARNSEGE » DIENSEEEEREZBERME -

METLECHRARNTARE 2 RER BREERE 90 XERE "L”"a" REEEZ KSR
BTN 0 BTS2 L7~ “o” REEEE R RREN o RUER 488 HER 2 RE
$h# (coefficient of determinant, R*2) RREAFE o HH:E LEE N MBS RRE - WriHt
B o B (V) 87 FTFU BLZREZRCHEESHEME 5L BLERK 0.4, BEBERRFT »
AR B 2 I -« RIERAGRE o« W T HE » KENE > THIAEYE S EREEREEE T L



(¢)  0.4% Citric ocid

“g" color value

(@) . 0—oOcxmix

S-Sz @ i, Bou% ’
15% NaCl + 0.4X Acetic ocid e 15% NaCl + 0.4% *— 4
A—A Gatt2 5% % o A—A cati2 5%
A—A CoC2 7X A—A CoCiZ 7%
s 104 O—0 CaCt2 1 O—0 Coti2 10%
g
3
® o
. r ’
B
0 =1 T =T
E C = = 1 Cl + 0.4% Citric ocid —@& KCI 3%
15% HoCl + 0.4X Acetic aocid A—A KO 5% 5% Na Cit A—A KCI B .
A—A KO 7% A—A KCI 7% d

O0—0 KO 10% \

ik O—0O KO 10% " e
e
-
0 :

—0s P p % % c0 % 120
Days Days
Wt ETUTRRE 2 BNSE SREE 120 EHE2 e Eei

Fig. 7. Changes in "a” colorsvalues of meis during 120-day salting storage
with different concentrations of salts and organic acids.
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Fig. 8. Contour plots of firmness (I), "L" (II), and “a” color values

(I1) in response to the concentrations of calcium chloride and

acetic acid on salted plums, and the optimal region (IV) by

superimposing the contour plots of firmness over “L” and “a”
color values.
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Table 4. Regressional equations for “L” and “a” color values, and firmness
(H) of salted plums as affected by salting conditions

Regressional equations F RA2(9%)
L =5.305X1+449.85X24-0.181X3—0.253X1A2—10465X2A2—6.397X15X2 5324 9.8
—0.497X2+X3—0.03 X1+ X34-0.073X1e.X2¢ X3
a =3.255X14-36.129X24-0.155X3—0.194X1A2—10.342X2A2—0.0002 X 3A2 361 99.7
—2.957X1#X2—0.397X2+X3—0.028 X1+ X8 +0.059X 1+ X2¢ X3
H=59858X1+157.531X244.733.X3+528.366 X2/A2—114.306 X1+X2 73 98.0
—6.971X2¢X3—0.695X1+X3+1.303 X1 X2+ X3

** 5001,
X1: CaCl: (%); X2: Acetic acid (%); X3: Time (day).

KH LERENOXERZEBTH L """ EREES® (H) SEEEHRE

28 B TR RNE

Table 5. The optimal salting conditions and the predicted “L”, "a”, "b"
color. values and firmness score (H) obtained by superimposing
contour plots of “L”, "a”, “b” color values and H of meis after

90-day salting storage

Optimal salting condition Predicted value
NaCl | ~CaCl: Acetic acid | Citric acid - ! 3
5 | Gy | KCi () | Acefig acd | e s £ | & . ¥ K
1. 12 — e 0.60 o 4l 6.7 | 259 1 39
2; 16 — — — 0.26 44 9.4 | 26.0 5.9
3. 18 8.5 — 0.50 ! - 40 6,5 | 23.8 5.1
4, ig 8.0 — = 0.65 43 9.6 { 27.8 8.9
5. 18 e 1.4 0.35 ==a 1 27 13.0 | 259 3.5
6: 18 e 3.3 - 0.30 45 6.0 | 26.1 4.9
AN HEWN - FREREZGETSRE - cERERETH> T 5%
Table 6. Sodium contents, color and overall scores of salted plums and
meis after washing with water
Sodium content? 1 Color® | Overall®
Treatment (mg/g dry solid) | score score
Plum 18% NaCl4-5% CaCl;+0.49% Acetic acid** .3 ol 2
L 30.5¢ 6.5° 6.9*
a . 3l
209 NaCl+0.2% Citric acid** A3 6‘7.% Gad
el . 54.3 5.8 6.4
1 a, Q 9, 1
e | 18% NaCi+72 CaCh+0.6% Acetic acid 446 6.1% 6.2
{  ~18% NaCl+7% CaChL+0.6% Citric acid 43.0° 6.2 6.5
i

** The plums and meis, obtained from local manufacturer, were salted with about 22-25%

"of NaCi.

# Means with identical letter in the same column are not sigaificantly different at p>0.05.
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