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Abstract: In this study, the effects of the amounts of sodium chloride, sodium D-isoascorbate and sodium copper chlorophyll on the color
and quality of fresh spinach noodles were investigated using color difference and sensory score as the target parameters, along with the
synergistic effect of the three additives on the color and quality of spinach fresh noodles. The study showed that under the conditions of 25 ‘C
and 4 °C, the optimized formula obtained through the orthogonal experiments was: 0.06% of sodium D-isoascorbate, 0.015% of sodium copper
chlorophyll, and 1.50% of sodium chloride. The confirmatory experiments revealed that at the storage temperature of 25 ‘C and 4 °C, the
activities of polyphenoloxidase and peroxidase in the fresh spinach noodles were significantly inhibited compared with the control group; the
total number of bacterial colonies in fresh spinach noodles reached 5.41+0.04 1g(CFU/g) during the 2-day storage at 25 °C, but below 5.48
1g(CFU/g) during the 28-day storage at 4 “C; For the same storage time, the total number of colonies were lower than that of the control group
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while the storage environment at 4 ‘C seemed more suitable for storing fresh noodles. In the meantime, the acidity of the optimal group was

Modern Food Science and Technology 2021, Vol.37, No.4

1.47 mL/10 g within the 3-day storage at 25 °C, and was 1.23 mL /10 g within the 21-day storage at 4 “C, both of which were lower than that of
the control group. In addition, the chlorophyll content and pH were higher than those of the control group, indicating that the compound
color-protecting agent proposed in this study has a positive effect on the color and quality changes of fresh spinach noodles during storage. In
this study, the influences of the compound color-protecting agents on the color and quality changes of fresh spinach noodles during the storage

process were examined, which provides s theoretical support for the commercial development of agents for product color protection and

shelf-life extension.
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WRIEAE 25 CHI4 CHAF T IEZIMMALHIAE R, &
P OANEEEER, B BRImAR T @5,
BEiELE25 "CHI4 CHAF T D-AHUA MR &
N 0.06%- AR AR INEN 0.015%, ST
BN 1.50%.

6 4 CIUfEi21 dATESREBE S EDIER
Table 6 Analysis results of fresh spinach noodles in storage of 21

dat4 C
FEKXRR FrxA BEE ¥ FA ZEFR
A 4.58 2 229 24385 *
B 7.86 2 393  42.63 *
C 7.02 2 351 38.09 *
RE 0.18 2 0.09 - -

E: ARRTFHEE (p<0.01), A*RFEE (p<0.05);
p>0.054 R 2%,

22 B

W IR ARSI B 4 e R R B AL B (0 I =
WA, DA I R 9 S AR B T ) fE
H, R EEAE2S CHI4 CI a4 FPPOTR
71 PODiE /). M4kE. pH. FREEFI VR BB,
SREGIE & T (7 4 (A 5 R UR
22.1 EFAE®IRLAL FPPORE /1 42POD
&AL

7 SR B IC G 72 PPPOSE I FNPODIE IR
Table 7 Changes of PPO and POD activity in the storage of fresh spinach noodles

ERGLEC R PPO/(U/g min) POD (U/g'min)

i 2t B8 20 AR BB 4R

0 2.12+0.32¢ 2.69+0.34° 2.16+0.30¢ 2.5940.31°

1 2.86+0.34° 3.82+0.31¢ 3.04+0.31¢ 3.83+0.30¢

25 2 3.75+0.31° 4.67+037° 3.62+0.26° 5.17+0.29°
3 5.12+0.29* 5.54+0.27° 4.87+0.28° 6.05+0.17°

4 5.67+0.28° 6.19+0.28 6.31:0.27" 7.69+0.27*

0 2.1240.31¢ 2.69+0.33° 2.16+0.30¢ 2.59+0.28°

7 2.66+0.28% 3.78+0.32° 2.74+0.32 3.68+0.30¢

4 14 3.15+0.27¢ 4.01+0.33¢ 3.62+0.31¢ 4.75+0.29¢
21 4.33+0.29° 5.35+0.31° 4.68+0.33° 5.83+0.28"

28 5.47+0.28° 6.08+0.30° 5.83+0.31° 7.15£0.27°

A CFHEATEE; Bl R FH EAFRR R T HAELA A AR EF R EF (p<0.05).

T 2 A e AR AL OB SRR, SR AR
B ML A A S By W) R AEPPOAIPOD A HEAL 1 11
RN RN, [ A MU B PPO I fill i &

EBHEARAS ) EEE R 2, PODS [ i i 48 A5 A5 56
(20-22] g S A R T T A Hh PPOY 3 FIPODYE /71)
A WHT. BRI, 1E4 CEAF F2RhEEE 18k
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1%F25 "C R IEEE 77, 758 P U R WM T LA
R T ] PPOVE P . PTG B 0] T SR AR AR S
SRR, 5 TP A RS AR g )
AT AL TPPOE /3 RIPODYE /g HE e i 2H 1
%, U R AP (R REA R P ARG 71, 8
A ST R AR R

222 ERAHOERIRTAEEZLITHR
1%

&8 HESRAHEIEITIEPHRRL ENTN
Table 8 Changes in chlorophyll content during storage of fresh
spinach noodles

JRE M. IR, nEeesm s 1Re s b
SRMEE M. H A i N H i 2 12 a4, .
AR, IR Cu®t. Zn®T. CaTTRUR Mg®, T4
TERCE IR @ SR £ ASEAL &Y, S
FUAE S U S BIRAE), S SR e g R e e 4

SEEMARL LR 8. SRR SRR S RN
I R IZ TR, A 0.12 mg/g %% 0.08 mg/g A4,
4 CIgsk A T B A ST i 2 3 3 = AR S T
25 Clpk & F T ABSHHSRSTE, X5
Martins® S5 [RIRF FEARL, TE73RCIR R o 2 B4 it
B, iR AR ST S R -H SR Rm L A i G gt

o —— =t 4% 4F/(mg/g) FasE. 1E25 CH4 CIRAMT, Ry arim
B st R840 Tt R S A ST R R R AN, ARSI
0 0.13£0.00°  0.12:0.00" RELEI SRR BRI . B SRR SRR T
1 0.1120.01°  0.11:0.00° SR, ARG RN Y N T Sk 24
25 2 0.10£0.00%  0.09:£0.00" By o REBUR Mg TR E M-SR RO AE A A
3 0.10£0.00°  0.09+0.00¢ Yo MeRE AR, PR ) AR
4 0.07+0.00°  0.07+0.00° 223 HFEASMIERILAZF pH (EAERZH
0 0.1340.01°  0.1240.00° it
7 0.12+0.01°  0.1120.01° WA PO FE P pH B ATEREE AR A W2 9.
4 14 0.11£0.00°  0.10+£0.00° R 9 LG W, 7E25 CHl4 ClgEidfert, A
21 0.10+0.00°  0.09+0.00° (1) pH AEIZHTRFAR, BREEZM EF-. 75 25 CIGE 3 d N,
28 0.08£0.00°  0.07::0.00° pH HEE T, BREZEZENGN, nlRe2h TAEEN 2%

E: R E, Bl A L ARRR AT
Z A EESEMEF (p<0.05).

2R F e R AR BT 4t BRI, (HHAL
AR AR, AR O RIEE AT B HBUR, R
AR, (EPE AR T 2 B te, R

TSR A K R R R B 5 | e R
HITH R B EEIA RN, 52 T SR AT A 5T o
FERHFIGEIN TE AN T, SR fL2H pH (B TR R
BN, PRPEAABONIRA EI R, HENSE ALY g
SABETHT ) T 55 AR 3] 1 SEZRA T o

R9 TESRA B EIEIT 2 PoHE B B YL
Table 9 Changes in pH and acidity during storage of fresh spinach noodles

e o pH 14 BAE/(mL/10 g)
BRBAIC RN T x84 B xR LA
0 6.41:0.09" 6.29+0.02° 0.67+0.06° 0.95+0.06°
1 6.35+0.04° 6.11+0.03° 1.05+0.09¢ 1.13+0.07¢
25 2 6.21+0.03° 5.96+0.02° 1.28+0.11° 1.40+0.09°
3 5.85+0.06° 5.23+0.04¢ 1.47+0.09° 1.81+0.08"
4 5.31+0.07° 4.56:0.10° 1.63+0.13 2.08+0.06"
0 6.410.09" 6.29+0.02° 0.67+0.06° 0.95+0.06°
7 6.230.04° 6.13+0.01° 0.79+0.07¢ 1.21+0.11¢
4 14 6.18+0.02° 6.01£0.03° 0.910.06° 1.44+0.03°
21 6.05+0.03¢ 5.75+0.024 1.23+0.07° 1.69+0.04°
28 5.84:£0.04° 5.43+0.05° 1.34+0.08" 1.87+0.01°

A CFHEATEE; Bl R FH EAFRR R T HAEA A AR EF R EF (p<0.05).
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224 EFEASE BRI H KG9 T
10 SEREHEMREREPEE S BT
Table 10 Changes of total number of colonies during storage of
fresh spinach noodles

e e %% 4/1g(CFU/g)
ERBRSC AN =L 2+ BB4H
0 433+0.01°  5.35£0.01%

1 4.94+0.02¢  5.78+0.02¢

25 2 541£0.04°  6.34£0.01°

3 5.92+0.01°  7.01:0.04°

4 6.01£0.03*  7.78+0.02°

0 433£0.01°  5.35+0.01°

7 4.87+0.01¢  5.61+0.03¢

4 14 4.92+0.03°  5.88+0.01°
21 525£0.02°  6.32:+0.02°

28 547£0.01°  6.74+0.04°

E: CFHMEAREE; Rl AR FE LR RR A F I
Z A BRI ZF (p<0.05).

% AR S TR e P VR S B LR 10,
5 CE&M NRICHEE BEAE 2 d iR KR
2.57x10° CFU/g, fiZE ki f (0 B vk B 5kt Ny/T
1512-2007 (LRtafrdh A, AKpHlh) PIr sk
B VA BN <3x10° CFU/g (5.48 1g(CFU/g)) HIEER
W, THEENARIAS FbrdE . AHEEEEES d N
BK % (5.92+0.01) 1g(CFU/g), L T AL FitrdE. 4 C
SRR 28 d PN SR AREETH AR U 2 B R e R T
548 1g(CFU/Q)LAR, FrLA 4 °C B & A S [ i st .
FEFRIREN SR R T, B iR 4l LR IR A i vk kb, 72
FRAEIIR, BREEAK, pH {EHME, AEEmM S mELr. &
4 CHMFAEmP pH b 25 CHUTES, KRE
i, UEBH 4 CIHBi A S pvR B 50, PR
5. ATHEN pH AEAERMS, BREEERR, W AREET R
TR HISEIRER K, 33 T SR 33 i A THI Pt

3 Zhig

ARG SR AR EFTRITE 25 C R4 “C I
R AN, D-FPUR AR, M4 R BB In
TR BRI R PRI, ) P R DR 3R S A T R
DA AR R B BV S5 BV F NiF N FR AR, DLIE
AR =N T A, B S A
T B 3R TR TR 2R B IE o D=5 oA L R Bk A
I 0.06%, M4 AR 0.015%, AN
B 1.50%. XL H R O A T S P S
A, TE25 CHI4 CHRIGERURE NS et h
Z By E A BRI SR LB B -5 5 HRZE A T a2 21

WRENHIER]; Ry, FAEAREDE R E) T, R
XTHRZH R VA D, 13 4 C B BE & A ST
I H 25 ‘CHI4 CHRIERGEEE T SRR LY
TR, BeAh, HHaReR &8 pH #im xR,
IE B 2T 2R A € 71 0 9 i A e i o A (2
AR BA —E HRIRWRAE T o AT B A S
it PR AR A T — 2 IR S

A LK
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