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Formula optimization of desulfurizer for pickled pepper based on principal
component analysis and response surface method

YU Si-Han, ZHAO Zi-Xi, CHE Jin-Xin"

(College of Chemical Engineering, Xiangtan University, Xiangtan 411105, China)

ABSTRACT: Objective To optimize a compound desulfurizer of pickled pepper raw material by principal
component analysis and response surface method. Methods The limit of detection was based on GB 2760—2014
National standard for food safety-Sandards for the use of food additives, selected 3 kinds of desulfurizers with good
desulfurization effect and little influences on raw material quality from 9 kinds of common desulfurizers by single
factor experiments, designed a 3-factor, 3-level experiment by response surface method, through principal component
analysis and response surface analysis, the optimum compound ratio and the optimum operating conditions were
obtained. Results When the mass fraction of calcium hydroxide was 44.05%, sodium bicarbonate was 35.57%,

chlorine dioxide was 20.38%, and the concentration was 0.10%, the desulfurization rate could reach 94.55%, which
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was about 36.50% higher than that of no use. At the same time, the color and hardness of pickled pepper materials

had no obvious changes. Conclusion The study obtains a kind of compound desulfurizer with good desulfurization

effect and little influences on raw material quality, and has high application value.

KEY WORDS: pepper desulfurization; response surface method; formula optimization; principal component

analysis
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Table 1 Main indexs of materials treated with acid desulfurizers

DA TAs %2 =N B
b SOMBRA SOH ) opsneror Jbireer  WBMYe T AE AL Ad AW
/% /(mg/kg) /(gf-mm)
CK 25273+ 834.80+ 934.81+ 503.99+ 0.39+
8.50° 12.85% 93.06" 184.52% 0.23° .
CKO 58.00+ 106.23+ 786.12+ 932.15+ 551.44+ 0.22+ 2623+ 270 127+ 2604
7.21° 18.72° 19.08" 17.44% 26.51° 0.07%® 0.15¢ 1.16 0.05 0.21°f
. " 71.48+ 72.02+ 770.14+ 898.12+ 291.04+ ~0.06+ 721+ 441+ 138  -553%
10 g/L HLAAIMLAR 2.17¢ 3.13¢ 12.13° 13.11%¢ 48.21% 0.09>¢ 0.55" 0.54¢ 0.15¢ 0.32°
. . 80.48+ 4941+ 793.12+ 907.81+ 312.53+ —0.37+ 1149+ 484+ 208+ —1022+
20 /L HUAIMLAR 1.10° 3.73° 15.73% 10.97%¢ 138.76% 0.14% 0.81¢ 0.43" 0.22° 0.67°
. .\ 75.28+ 6231+ 822.46+ 904.13+ 386.37+ —0.44+ 347+ 027+ 038+ 339+
30 g/L b 4,025 8.18% 10.79° 8.89%¢ 100.36%% 0.17° 0.75' 0.74° 0.13¢ 0.68"
40 /L ¥R 77.35+ 57.19+ 818.79+ 821.79+ 392,37+ —0.27+ 2594+  1.54+ 170+ 2584+
2.89% 6.01%* 23.02" 21.55% 66.62°% 0.12% 0.25¢ 0.36° 0.05¢ 0.27"
50 /L FoEER 93.35+ 17.02+ 884.13+ 874.12+ 361.95+ —0.36+ 2379+ 289+ 227+ -235l%
& 3.63° 9.64 15.10° 21.18%¢ 49 .82°% 0.04% 0.31° 0.20° 0.14% 0.32°
60 /L HHER 92.37+ 19.05+ 817.14+ 829.49+ 263.29+ —0.12+ 2121+ 356+ 153+ -20.83+
0.39° 0.09" 3.61% 17.97% 25.12° 0.11%% 0.46" 1.33% 0.13% 0.62¢
n e 67.80+ 81.43+ 813.46+ 856.80+ 528.21+ 0.05+ 4023+ 1729+ 3.19+ 3618+
1.5 g/L Wi — 0.07 261° 38.19% 39.72% 53.17% 0.23% 0.33° 0.40° 0.22° 0.20'
e 67.75+ 81.10+ 805.46+ 793.46+ 386.87+ —0.05+ 3351+ 1421+ 228+ 3025+
2.5 g/L WU 11.19¢ 26.71° 7.57% 19.22° 70.66™% 0.25%¢ 1.04° 1.07° 0.20% 0.678
s 72.01+ 70.63+ 770.79+ 836.80+ 44739+ ~0.09+ 3601+  11.78+ 242+ 3394+
3.5 gL B2 3.54% 7.09¢ 72.35° 18.04% 69.047¢ 0.39>¢ 0.24° 0.42° 0.04° 0.14"

T FPIARNG FRERIR BA B2 5 (P<0.05); KR LML, 2 2. 3 [l CK RSB BRI S 80H, £2.3.9
7 AKX BRI B B2, % 2. 3 .

[A; CKO
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Table 2 Main indexes of materials treated with alkaline desulfurizers
R4 3% A~ EL iid Zb . * *
b3 SOkt SO, &t PRI /gf R NEIEE/ g Atk AE AL Al Ab
/% /(mg/kg) /gf /(gf-mm)
K i 252.73+ 834.80+ 934.81+ 503.99+ 0.39+ ) i i
8.50° 12.85% 93.06% 184.52"¢ 0.23"°
CKO 58.00+ 106.23+ 786.12+ 932.15+ 551.44+ 0.22+ 2623+ 270+ 127+  -26.04+
721° 18.72¢ 19.09¢ 17.44% 26.51™ 0.07>¢ 0.15° 1.16*  0.05* 0.21°
1.5 g/L 77.34% 57.27+ 754.12+ 97947+ 42250+ 059+ 2242+ 227+ 120+ 2216+
[ 0.61° 0.35¢ 13.86' 51.56% 70.33 0.06* 6.6° 2.54° 1.07¢¢ 6.60°
2.5 g/L 81.84+ 45.92+ 758.12+ 803.46+ 383.23+ 0.40+ 18.62+ —226+  0.86+  —18.44+
RS 4N 0.36° 0.68" 721" 36.36° 85.42¢ 0.16"° 1.15¢ 1.17° 0.27¢ 1.13¢
3.5 g/L ik 84.75+ 38.64+ 828.80+ 904.14+ 463.54+ 0.39+ 20.64+ —4.73+ 170+  —20.00+
i 2.49° 7.01" 23.18% 9.17% 27.43 0.12% 2.15% 147 0.3 1.87¢
1.0 g/L = 93.85+ 15.62+ 922.81+ 1110.84= 45451 0.18+ 527+ 155+ 296+  -3.65+
EAvAT 1.06* 3.15¢ 24.85° 178.76™ 48.82 0.16% 0.51" 1.73° 0.66° 1.33%®
1.2¢/L 71.52+ 71.96% 863.47+ 952.82+ 522.97+ 0.11% 9.03+  —6.53+  2.89+ 551
AfbsE 2.95¢ 6.78¢ 16.78% 23.18¢ 125.92"¢ 0.02¢ 1.63° 1.52¢ 0.26 0.77°
L4 gL = 4324+ 143 44+ 906.14+ 978.15¢  630.81% 0.40+ 570+ 513+ 167+  -1.80+
EAvAT 1.83f 0.06° 56.72° 16.37% 12.49® 0.08"* 0.74 0.66  0.17b° 0.64*
0.2 g/L B 94.16+ 14.81+ 873.47+ 1300.81+ 444 .62+ 0.41+ 2952+ 127+ 1.99+ 2941+
RS 1.25 3.57¢ 68.87 161.99° 124.77% 0.06"° 0.74 1.13 0.16° 0.77¢
0.4 g/L B 94.95+ 12.78+ 1063.50+ 1166.14+ 73827+ 0.28+ 29.56+ —2.59+  1.67+  —29.40+
RS 4N 0.14* 0.07¢ 107.08° 36.03% 120.54* 0.06"¢ 1.78% 034> 024" 175
0.6 g/L i 97.50+ 6.31+ 1153.51+ 938.15+ 740.27+ 0.43+ 3025+ -0.71  2.00+  -30.15+
R4 0.16* 0.24¢ 16.17* 55.69% 6.26" 0.15® 0.76 1.33® 0.48° 0.79"
*3 SUMBRRALEREREREEER
Table 3 Main indexes of materials treated with oxidizing desulfurizers
A G Ll i Fhik . . .
b SO JikRA SO, && N RPEZRHEE LI Al AE AL Aa Ab
1% /(mg/kg) /gf /gf /(gf-mm)
cK i 25273+ 834.80+ 934.81+ 503.99+ 0.39+ ) i ) )
8.50° 12.85 93.06% 184,52 0.23°
58.00+ 106.23+ 786.12+ 932.15+ 551.44+ 0.22+ 2623+ 270+ 127+ —26.04+
CKO
721° 18.72° 19.08° 17.44% 26.51°%° 0.07* 0.15° 1.16° 0.05" 0.21°
0.02%i 5 92,65+ 18.57+ 788.12+ 999.49+ 579.18+ 0.33+ 18.78+ 0.90+ 0.70+  —18.73+
A 0.21¢ 0.08¢ 50.32°% 52.56 114.83% 0.19* 1.13¢ 0.99 0.33¢ 1.08°
0.04%3: 5 97.33+ 6.75+ 754.12+ 1094.15+  412.84+ 0.22+ 19.90+ 1.70+ 152+ —19.76+
WE 0.35% 0.93° 14.42% 128.88" 48.96™4 0.10™ 3.12¢ 0.43° 0.48° 3.09°
0.06%i % 97.66+ 591+ 712.11% 764.12+ 346.57+ 0.20+ 2842+  -5.18% 234+  —27.83+
" 0.28%® 0.58' 45.44° 17.09" 17.61¢ 0.05% 237 1.39¢ 0.27* 2.18"
0.1gL = 94.94+ 12,81+ 884.14+ 94548+  424.60+ 0.13+ 544+ 272+ -155& 444x
Yl 0.14" 0.06%" 55.25™ 23.87% 115.76™¢ 0.05° 0.85° 0.76° 0.13" 0.56°
0.2¢/L — 93.70+ 16.01% 917.48+ 951.48+ 496.69+ 0.13+ 2123+  -1037+ 1.98+  —18.30+
AbE 1.11° 3.29% 45.63° 9.02°% 65.97" 0.08° 1.91% 1.43° 0.27* 2.82°
0.3¢g/L — 100.00+ 0.00+ 874.81% 813.46= 363.80+ —0.26% 8.06+  —1.92+  -127+ 771+
EAAE 0.00° 0.00¢ 6.43™ 83.37° 99.50* 0.25¢ 0.66° 0.62° 0.13f 0.57°
0.10 g/L Jii 82.25+ 44.83+ 1223.53+ 985.48+ 475.54+ 0.16= 20.80+  -2.65+ 0.09+  —20.58+
VA L) 1.13¢ 1.43¢ 167.02 111.06% 111.76% 0.14® 2.40% 1.52¢ 0.26° 2.60%
0.15 g/L Jii 85.45+ 36.76% 1248.86+ 1223.51+ 618.03+ 0.27+ 2349+  —1.64+ 024+ 2339+
ST 0.97 1.28° 90.18* 167.04® 36.09° 0.06" 1.68° 1.54° 0.26° 1.75%
0.20 g/L Jit 84.55+ 39.05+ 864.14+ 1248.86  624.42+ 0.14+  28.69+  -2.90+  0.88+ 285l
KRN 0.60° 0.41° 73.33% 90.18* 117.71° 0.07° 0.79° 1.18¢ 0.09% 0.90"
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Table 4 Response surface experiments design and results of desulfurizers formulation optimization
gy AGURIED) - BOREAHD) - CORMI0 ppson,  appzis Ak AWBHE AT AE
/(g/L) (D) (D)
1 1.5 0.6 0.5 86.69 -27.34 42.67 —-55.83 —0.43 16.43
2 0.5 0.6 0.1 61.90 58.01 —-0.67 29.99 -0.22 16.07
3 1.0 0.2 0.1 68.36 58.68 44.67 128.85 0.03 16.42
4 0.5 0.2 0.3 86.34 3.33 —22.01 —94.85 —0.51 17.37
5 1.0 0.2 0.5 67.24 15.33 -30.68 24.73 -0.15 8.59
6 1.5 0.6 0.1 66.83 32.00 —6.67 85.96 -0.39 4.61
7 0.5 1.0 0.3 63.58 22.00 6.66 —-13.53 —-0.04 1.91
8 1.0 0.6 0.3 75.79 29.33 18.00 71.49 —0.35 11.63
9 0.5 0.6 0.5 71.64 24.67 8.66 154.63 -0.05 3.63
10 1.5 1.0 0.3 72.79 101.35 85.34 183.78 —-0.08 4.47
11 1.0 0.6 0.3 72.78 -10.00 —28.68 103.75 0.06 6.38
12 1.0 1.0 0.1 75.33 34.67 3333 113.65 —0.26 5.12
13 1.0 1.0 0.5 70.00 83.34 54.67 125.09 -0.24 4.34
14 1.5 0.2 0.3 69.18 55.34 0.66 17.29 -0.05 5.20
15 1.0 0.6 0.3 71.08 9.34 —4.34 16.48 —-0.13 10.80
16 1.0 0.6 0.3 70.20 12.01 30.66 29.64 —-0.13 5.66
17 1.0 0.6 0.3 74.21 17.34 57.00 54.11 -0.23 7.85

N 5 Fron, WRMEE>1 iR TRy, Rt
FUBRARIAE] 70.751% . XTBEBR AR | B | @225 F 2R
REAE [ 8 BEA T 0BT (R 6), BREHT 1 TR I AR 2

TBANZWEE . ARZHEE | AMHBHEMAR, e
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Table 7 Principal component scores and composite scores

=9

Table 5 Eigenvalues and contribution rates of principal e il 1 F S %2 Fior LGt
component analysis in raw material quality 1 _3.48 034 173
2ol 1 A 2 T Rk 2% /0, 1+ 57 ik 2% /0,
Wiy FHIE(E TTHRR /% Rt TTEkER /% 5 008 .93 035
1 2.844 47.406 47.406
3 1.25 1.60 0.96
2 1.401 23.345 70.751
4 -4.05 0.49 —-1.81
3 0.703 11.709 82.460
5 -0.39 0.10 —-0.16
4 0.539 8.980 91.439
6 0.15 —-0.49 —-0.05
5 0.339 5.649 97.088
7 0.73 -1.36 0.03
6 0.175 2912 100.000
8 -0.79 0.38 -0.29
- , - 9 1.25 0.09 0.62
Ro6 TEIETHFHEDE
Table 6 Eigenvectors of the main index 10 2.85 0.27 1.41
Ei=Ea 51 ERS %2 sy 11 0.16 0.41 0.17
A% —-0.694 0.516 12 0.43 —0.28 0.14
AN ERERE 0.753 0.384 13 1.77 -0.21 0.79
AR PR 0.407 0.828 14 0.73 -0.18 0.30
AN 0.839 0.232 15 -0.69 0.13 -0.30
AP 0.698 -0.438 16 0.14 -0.89 -0.14
AE —0.662 0.237 17 -0.10 —-0.69 -0.21
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X3 ANRIER B IR LR A A S EA TR N AL, 22
TC [l LS R J7 52K Y=0.284+0.538A+0.255B+0.443C—
0.695AB- 0.630AC+0.325BC-0.557A%+0.033B>-0.082C>,

[ AR Ty 224041 (55 8)BR, R (P>0.05) A B3,
TEIEAIDC R AL R g=0.7949, HRIITI(P<0.01), &35 MM,
{5145 K (Adeq Precision=11.3681), & R R=0.9103,
RIVHEASE B 2 H PV (A0 SE BB A DG PR AT, wT iz ok
IIMTSERE, R, —IRI A, C 1 P<0.05, RIS LS
AL SR F O BT RE R R AR R R AL, [FBE B AN
F(P>0.05); ZHI AB, AC ) P<0.05, ¥if A 5 BiRA
R A5 CIRA MR AR R X E0R S TR s m R, —
I A P<0.05, Ut BHEXS F RN B s 2 . HeE A
EM F ErTH, RS RMERE LR R ARk
FEY>C(— AL E)>BIR IR Z M)

24 IESEE

AR 5 W 7 T A 2 A S A RO e A 7R BC 5 B
PR 250 R: RS 5T 505 44.05%, iR Uk o o
I3E135.57%, LA R A4 20.38% . S B AR AR
FHHEE ] 0.10%, MERA RN LE 1:6, FEIREE 25 °CHIZAT:
TRMEE 1.5 he BIETAHERERZIR ] 94.55%, AbBEEEUR}
TR N (14.66+3.14) mg/kg, T EARFREL(100 mg/kg). Ab
T BROBUFRLE BE R0, AT ARt TR BT P B Ca®
HEH T el A e Na MU IER, 28 T RS

RAR 270 b TR I SRR (1 [ 2 i B 55 (929.48+13.32) gf
N 2R B (980.15+42.34) gof], (R RH&t@, FA S5

*8 [ERREFESHK

Table 8 Regression model analysis of variance

;Zf; EHM OHBME ¥ F P =

BERL 970 9 1.08 7.89 0.0063 Hox
A 2.31 1 2.31 16.92 0.0045 *o
B 0.52 1 0.52 3.81 0.0920
C 1.57 1 1.57 11.47 0.0117 *
AB 1.93 1 1.93 14.14 0.0071 o
AC 1.59 1 1.59 11.62 0.0113 *
BC 0.42 1 0.42 3.09 0.1220
A2 1.31 1 1.31 9.56 0.0175 *
B> 4.59E-03 1 4.59E-03  0.03 0.8598
c 0.03 1 0.03 0.21 0.6627

B2 0.96 7 0.14

R 0.21 3 0.07 0.38 0.7730

iRz 0.74 4 0.19

BA10.65 16 R*=0.9103 R?4,4=0.7949

T #UER 22 5 B3 (P<0.05); ** U3k 2 el 8.3 (P<0.01)

®9 FRIKEERBRFLETHRMRARSH

Table 9 Quality parameters of peppers treated with desulfurizers of different concentrations

izt CK 0.06% 0.08% 0.10%

SO, ¥ & /(mg/kg) 268.79+14.55 65.46+3.43° 51.25+0.51° 14.66+3.14°
TR /of 828.80+34.20° 949.49+22 48" 931.48+45 .45 929.48+13.32°
N0 R /g 946.82+28.59" 970.82+19.63 980.15+26.00 980.15+42.34*

NELIE Pk /g 426.25+46.28" 512.09+116.89" 506.58+164.97" 436.52+87.13"
Zhk/(gf-mm) 0.49+0.16° 0.02+0.04° 0.18+0.01° 0.06+0.10°
L 37.43£0.97° 44.52+0.85" 45.63+0.70° 51.50+1.45°

a ~1.85+0.06" —3.28+0.39° -3.64+0.16" —8.11£0.04°

b" 29.44+0.13° 42.28+3.44° 41.05+0.40° 44.89+1.58%®

T AT AFNG 7 iR B 2122 53 (P<0.05).

3 4 i
TEWEIESE . SEMBER | RRS e i Pl 3 VR I T
BRRREN . WHERRANSE, DLAARE S LR R, IR EIAE

By 5 ke iy P AR R AR LA R, RERE SR
J BB R e AT RN, RO AIE A, LR T
S JE IS AERER, fE T B AR R USSR VL T
ooy JBU B 5 A 38 (4 PR 5 05 o L M ) 2
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D, SR T RS ST R L AT 3 4 S B ORI ) e 5 Ak 225

R LR R E . Bt LA B R AR 3 Fh o H o SR AR PRI A 5
R3S B A 120320, (L e e A e I AN £ 2 7
FFEBEAFAEA R FEBE 2, 3 2 5 BOU5UREAY  E F0
NI REAIS, A% B8 0 SR A b o 2t AR B R . g
B AT, A F R SR B AR — i, [
2 52 S IR, NIRRT 5 1R M A E 5
SR RIS N B IV P S D i S BRI R ) 4
b, (RIZITE 5T 7 6 dh P o FH B e et L v R Ak sk
REEAT Rt — B AR, TR AR, % R
08 75 e T | it e 9 94 9 R Ol e i o s [ )
S5, R B i SRR R R L 0 B R A A 1 R K
SO . ASHIFSE RS | R SN D e — AR 3
MBI TR, W 5 A AR R BB AL G, 15 2 P [E] 3
BOAEFH o e A5 2 19 52 B BB AU FE S IR AR E T, 0.10% (8
FHe B, 123 1.5 h MR AT IE B 94.55%, MEHIBRH
MRS EBFEIREL 15 mgke, TEMKT ERRUENE RN
100 mg/kg o X B 5T (14K I 45 R 2 B, A T e it ) 1) o6
FAARALHETE T AR 0R, 8 AT DATE SR IE JFURH 8 156 1 1%
T, S0 R A A A R, B L LR, AR SR — R
ki fa .

4 & i

3 g B PR 3R S0 X 9 AN [ SO 1 L ) 2 A T
JBRAR S 50, £ B 45 B 790 10 A E A T L BT et 1
MR 2R RS, SRS . R ER SN A
AR AT A, 3 A e N T2 A 3 AR A AT R Ak
3 R EC E, A5 B0 0 S AR R A ek AR
BE BN 44.05%, Bk ER S BHT B BN 35.57%,
TAEALE TR BCR 20.38% HEFEE T ey TR
G AV S 0.10%, BHELL 1:6, fEIRIE 25 °CHY &M
TR ALERE 1.5 ho TR A AR AU RUR B 1 1
IS F 1 AR HEBR i, A OO TE BB AL I T . A
ISR 53 70 £ BIF 5 A AL Ay BB E S 7 i it T ) R v 4 L R
B, I b A DR A 2 0L 5 BT A 4 0 G ] R AR it T
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