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Abstract: In this study, a processing technology to preserve green color and firmness was developed to solve the quality problem of
blanched green leafy vegetables during thermal storing (60 “C. Firstly, the effects of sodium bicarbonate concentration, calcium ascorbate
concentration, blanching time, calcium chloride concentration and immersing time on color and hardness of blanched green leafy vegetables
were studied by single factor experiment. Secondly, factorial design was applied to select significant factors, including sodium bicarbonate
concentration, blanching time and calcium chloride concentration. Finally, the processing conditions were optimized by response surface based
on central composite design. The results showed that the optimal processing conditions were as follows: sodium bicarbonate concentration of
0.4% (m/m), calcium ascorbate concentration of 0.01% (m/m), blanching time of 50 s, calcium chloride concentration of 0.1% (m/m) and
immersing time of 35 min. The optimal conditions were validated by four kinds of common green leafy vegetables. After thermal storage for 4 h,
all color difference Aa* decreased and the lowest one was -5.59+0.33, the highest retention rate of chlorophyll was 170%, this effect was most
significant 2 hours before preservation. The firmness increased in two kinds of common green leafy vegetables, the highest firmness reached
47.49+1.67 N. All green leafy vegetables showed good sensory quality under the optimal conditions. This processing technology can preserve
the color and firmness of blanched green leafy vegetables effectively. The optimal processing conditions can provide important technical support
for the processing of green leafy vegetables in bento.
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Table 3 Sensory evaluation standards of green leafy vegetables
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Fig.1 The effects of sodium bicarbonate concentration (a),
calcium ascorbate concentration (b), blanching time (c),
calcium chloride concentration (d) and immersing time (e) on
the color difference and firmness of blanched green leafy
vegetables
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Table 4 Experimental design matrix (actual and coded) and results of factorial design
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3 -1 +1 -1 -1 -1 4.44 6.23 47.01
4 -1 +1 -1 +1 +1 5.39 5.56 55.96
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Table 5 Experimental design matrix (actual and coded) and results of RSM
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1 0 0 0 -4.38 -0.81 35.69
2 0 +a 0 -5.14 -3.62 14.66
3 -1 +1 -1 -4.51 -1.85 24.11
4 0 0 0 -4.19 -3.63 34.57
5 0 0 0 -4.89 -2.47 32.44
6 0 -4.96 -1.32 34.16
7 0 0 0 -4.84 -2.20 32.45
8 +1 -1 +1 -5.49 2.93 27.11
9 -a 0 0 -3.04 -0.64 21.16
10 0 -a 0 4.71 3.94 40.79
11 -1 -1 -1 248 3.03 45.53
12 +a 0 0 -7.11 -3.66 21.68
13 +1 +1 +1 -6.26 -2.53 14.32
14 0 0 +a -3.20 1.75 36.58
15 -1 +1 +1 -2.41 -0.38 18.45
16 +1 +1 -1 -7.26 -3.13 10.48
17 0 0 0 -5.10 -3.01 36.05
18 -1 -1 +1 5.72 4.29 39.37
19 +1 -1 -1 247 -2.47 23.58
20 0 0 - -4.39 -2.63 25.55
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Fig.2 The response surface plot of interactions between sodium bicarbonate concentration (a), blanching time (b), immersing time (c) on
color difference of leaf (a;-as), on color difference of stem (b;-bz) and on firmness (¢;-C3)
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Table 6 Four green leafy vegetables used in verification experiment
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Table 7 Results of verification experiments of optimal conditions
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(p<0.05).
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Table 8 Results of sensory evaluation standards of green leafy vegetables under optimal conditions
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vegetables during thermal storing under optimal conditions

E:oar AE; b MAFE;, o IAEE; & PEE.

H BTSSRI R BRI S, RiE
ORISR BRIREINIKIE 0.4% (m/m), HidAIML
FRESIRIE 0.01% (m/m), IER 50 s, SALFHIRE
0.1% Cm/m), TR K 35 min. 7ELLZA T8
Q22 . SR 8 22 R 2 1) TR 23 301 -5.00 -3.02

198

F129.94 N, AJIARHAR 4P ZRARHERCR .

PRk R (3R 6) IRAIERIGZE R 2%k 7, 1T
Fhag ik B 1) B 22 (Y% 2 U, U SRR B3,
A AR (2 E Aa* 5K, ~-5.59+0.33, i
NSRRI B Aa* FIETRE R, B
B . 0 SR N SR O FEAS B R B 3T, 35N
47.49+1.67 N F135.80+1.43 N, XAJfeHTiXpFh
G I RE R LA RS, SR T4 SR R AR R

TERAEFRMT, DR B miR AT 4 h 5
PR EEESE RIE 8, DURhERMERRAE & T4
sy EATE R 2R, SOUTFA7E 15 2B b, A
PEEARIE L FAKCE. o, NSRRI S TR
FE AR SR B Ry, BRI B T A A

VOFpZgit g LA SR A B S A iR O Apad
Bt R S E R 3, MRS 2R
i, JUHORTERT 2 h WIREARUER NI, b, 4
FERMSR iR, SRS ERm, B REER
IR RIETE T 170%, SEEMH Aa*RIK45 18—
XEEXARGHFREEAR, ARG EREE,
MEE RS EE, AR THSRIRE. REPS
PRI R TSR o OREE, B0 e 4t
b HAAN SRR a, (F15 RS TESE, ML EIFTZ
E N TR AN SVE

3 4t

N i VI B 025 e L = T ES L e L
P RIE T2, B T2 IRIREENKRE 0.4%
(m/m), PIRMBRESIKE 0.01% (m/m), TEZEHK
50 s, EAESIRE 0.1%(m/m) , FALFGIR VA 35 min.
o, RIREENFIE AT SR G KA BB 34
1ER, gt irirak s, RIS G BT 4
FEBRSCMORERE, T HUIR MRS FIs A Bl T 4eRfat it
G I ZRIN AR FE . BRIR AN S HAh R AR B3
AR EAER . & WD Fhatt B e i L2 T
AT 4h 5, BEME Aa*I R, BAKFEZ-5.59,
2R R RE R IR T 170%, PS8R LRI 1
HI 2 h AR, PR SRR fRE A AT =
BT A 47.49 N, H VYRS B EE AR A
{REE AT B ERNE T 2R RO R S B
SR RN B AN B N B] ) i PR AE 2, SEAD T
TEBCA T S TP S SRS T SR ORI 2 1, sk
PRAEF=ERAE T AT L 2ZHARS %

A K

[1] Jiménez-Aguilar D M, Grusak M A. Minerals, vitamin C,



MK EmBHL

Modern Food Science and Technology

2020, Vol.36, No.10

phenolics, flavonoids and antioxidant activity of Amaranthus
leafy vegetables [J]. Journal of Food Composition and
Analysis, 2017, 58: 33-39

Gunathilake K D P P, Ranaweera K K D S. Antioxidative
properties of 34 green leafy vegetables [J]. Journal of
Functional Foods, 2016, 26: 176-186

Del Rio D, Rodriguez-Mateos A, Spencer J P E, et al. Dietary
(Poly) health:

bioavailability, and evidence of protective effects against

polyphenols in  human structures,
chronic diseases [J]. Antioxidants and Redox Signaling, 2013,
18: 1818-1892

Subhasree B, Baskar R, Laxmi Keerthana R, et al. Evaluation
of antioxidant potential in selected green leafy vegetables [J].
Food Chemistry, 2009, 115(4): 1213-1220

Andarwulan N, Kurniasih D, Apriady R A, et al. Polyphenols,
carotenoids, and ascorbic acid in underutilized medicinal
vegetables [J]. Journal of Functional Foods, 2012, 4(1):
339-347

Derrien M, Badr A, Gosselin A, et al. Optimization of a green
process for the extraction of lutein and chlorophyll from
spinach by-products using response surface methodology
(RSM) [J]. LWT - Food Science and Technology, 2017, 79:
170-177

XIAO Hong-wei, PAN Zhong-li, DENG Li-zhen, et al.
Recent developments and trends in thermal blanching-A
comprehensive review [J].
Agriculture, 2017, 4(2): 101-127

LI Yong-xin, Wills R B H, Golding J B. Sodium chloride, a

Information Processing  in

cost effective partial replacement of calcium ascorbate and
ascorbic acid to inhibit surface browning on fresh-cut apple
slices [J]. LWT - Food Science and Technology, 2015, 64(1):
503-507

Mola S, Uthairatanakij A, Srilaong V, et al. Impacts of
sodium chlorite combined with calcium chloride, and calcium
ascorbate on microbial population, browning, and quality of
fresh-cut rose apple [J]. Agriculture and Natural Resources,
2016, 50(5): 331-337

Silveira A C, Aguayo E, Chisari M, et al. Calcium salts and
heat treatment for quality retention of fresh-cut ‘Galia’ melon
[J]. Postharvest Biology and Technology, 2011, 62(1): 77-84
Ergun E, Demirata B, Gumus G, et al. Simultaneous
determination of chlorophyll a and chlorophyll b by
derivative  spectrophotometry  [J].  Analytical and
Bioanalytical Chemistry, 2004, 379: 803-811

[12]

[13]

[17]

[18]

[19]

[20]

[21]

[22]

[23]

[24]

BATRSE AL 0L A 70O REIIE M4 3R S
PRGBS IR [I] Ml AH7,2018,35(8):1965-1974

HU Bing-fen, HUANG Hua-li, JI Yuan-zu, et al. Evaluation
of the optimum concentration of chlorophyll extract for
determination of chlorophyll content by spectrophotometry
[J]. Pratacultural Science, 2018, 35(8): 1965-1974
R R EENE D Amon A iU REGRZEN &
RIEZIAL] LA ML R 24,1996,3:26-27

Tang Y F. Effect of coefficient error of Arnon formula on
results of chlorophyll content determination [J]. Jiangsu
Agricultural Science, 1996, 3: 26-27

Riidiger W. The Last Steps of Chlorophyll Synthesis [M].
America: Academic Press, 2003

Tanaka A, Tanaka R. Chlorophyll metabolism [J]. Current
Opinion in Plant Biology, 2016, 9(3): 248-255
BRSSP SRR BRI TTRE R[], LU AR A6 T,2015,44(2):
46-49

HAN Min. Development of Sonchus oleraceus L green
protection mechanism [J].

2015, 44(2): 46-49

Shandong Chemical Industry,

Hortensteiner S, Krdutler B. Chlorophyll breakdown in
higher
Acta-Bioenergetics, 2011, 12: 977-988

Queiroz Zepka L, Jacob-Lopes E, Roca M. Catabolism and

plants  [J].  Biochimica et  Biophysica

bioactive properties of chlorophylls [J]. Current Opinion in
Food Science, 2019, 26: 94-100

Chen J, Ren G, Kuai B. The mystery of mendel’s stay-green:
magnesium stays chelated in chlorophylls [J]. Molecular
Plant, 2016, 9(12): 1556-1558

Christ B, Hortensteiner S. Mechanism and significance of
chlorophyll breakdown [J]. Journal of Plant Growth
Regulation, 2014, 33: 4-20

Aguayo E, Requejo-Jackman C, Stanley R, et al. Effects of
calcium ascorbate treatments and storage atmosphere on
antioxidant activity and quality of fresh-cut apple slices [J].
Postharvest Biology and Technology, 2010, 57(1): 52-60
Mercado J A, Matas A J, Posé S. Fruit and vegetable texture:
role of their cell walls [M]. Netherlands: Elsevier, 2019

REN Jing-nan, HOU Yuan-yuan, FAN Gang, et al. Extraction
of orange pectin based on the interaction between sodium
caseinate and pectin [J]. Food Chemistry, 2019, 283: 265-274
Van Buren J P. Function of Pectin in Plant Tissue Structure

and Firmness[M] America: Academic Press, 1991
(T&%%8 267 T

199



