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Abstract: This paper aimed to explore the effect of Lactobacillus plantarum microcapsules fermentation on the quality of
carrot chips, and the change of viable cell count under freeze-drying and simulated gastric juice conditions. In this study,
Lactobacillus plantarum microcapsules were prepared by extrusion method using sodium alginate and isolated whey protein
as wall materials. The carrot chips fermented with Lactobacillus plantarum microcapsules were used as experimental group
and the carrot chips fermented without microcapsules were used as control group. The results showed that there were no
significant differences in texture, color, total sugar content, carotene content and ascorbic acid content between test group
and control group (P>0.05). In freeze-drying and simulated gastric juice environment, the number of viable bacteria in the
test group was significantly higher than that in the control group, which remained (8.47+0.02) and (8.31£0.01) 1g(CFU/g),
respectively. Microencapsulated Lactobacillus plantarum fermentation had no prominent effect on the quality of carrot
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chips and could improve the resistance of Lactobacillus plantarum to adverse environments (such as freeze-drying and

gastric juice).

Key words: Lactobacillus plantarum; microcapsules; fermentation carrot; viable count; quality change
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Table 1 Encapsulation yield and viable bacteria count of
microcapsules
it H £ (%) T # % (1g (CFU/R))
T FUT R IR 2 70.40+2.80 9.47+0.02
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Fig.1 Morphology of Lactobacillus plantarum microcapsule
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Fig.2 Changes of pH (A )and viable count (B)of carrot by
Lactobacillus plantarum microcapsules fermentation
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Table 2  Effects of Lactobacillus plantarum microcapsules on the quality of carrot chips

Eistan RKEHS R oy kaEl g2
fEE (g) 31649.82+3505.34° 23138.77+£3757.54° 20325.56+3510.08°
WekE (g) 8163.08+1570.75° 8795.02+1325.23° 8618.74+2040.53"
L 73.82+3.18° 75.73+1.10° 75.31+0.25"
a 29.33+3.65° 33.1140.67° 33.57+0.55"
b 39.24+2.34° 41.65+2.02° 42.17+1 .48
LA (g/100 g) 0.89+0.24° 0.45+0.06° 0.47+0.07°
#HE b E A (mg/100 g) 20.1240.16° 17.06+1.10° 17.13+0.04°
PRI AR 7 (mg/100 g) 8.60+0.38" 8.34+0.32° 8.314+0.25°

T [T RNG FRER 7R g0 20 A0 X B 2H 26 57 .3 (P<0.05) o
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Fig.3 Changes in activity of encapsulated Lactobacillus
plantarum during vacuum freeze drying

H: AF/NE BRI R, ARPRAT, X IR 500 41 Bt 2=
FEE, (P<0.05),

25 WMECEPIAREENS RPEERNTK
P 4 AY 0, X RE 2H AN 40 i i B B AR A
AR WAL R 120 min PNIZESEMFAR . X RE4HTE S
PR IVER T, 1% RECDOHE T 4, ABFE 120 min 516 P&
oM (3.51+0.11) 1g(CFU/g) o 33X 2 R M LY FLAT
PRZEAR pH 2540 T, JH: 4 i 5 %5 85328 i AN g IE B
PEAT T S BOHAET-0 1556 4H A9 AE 9 FLAT B L
A5 %58 v B 4B M HE J7, 120 min 5 48 WS AR 357
(8.31+0.01) 1g(CFU/g) . iX 5 Han %07 fyifFoe 4 i

a —v— XTHEH
R C— a  —=— kB
50 \ \I\a
= b .
2 gl
o
3
5 6F
iH
fausd
= 40

b
100 120

6 2.0 4.0 6‘0 8‘0
B A (min)
K4 AR FURT I 7ERELS Wi A 22 1
Fig.4 Changes in activity of encapsulated Lactobacillus
plantarum in simulated gastric juice
T AN Rl/NG B 2 7 (] — A B ] AN [) 26 91) ) 22 S Wk 3
(P<0.05).

HAR—2, A RS S EAE I F LT IR AN R LA 2
(BT A B e, D DR A AT UG T X B
R4
3 #hig
P 6 ZH 5 0 BRZH A B A mT 6, Sl A6 H AR
WU o B AR B CH 1, (ER I AN R R
W HL, 55 BRZEAH LE, A FUAT BRI TURS B R I 0ol 2
NER BB (A RS R D RS ERIPT
PR MR & B AT 55 o AEUE, A LA e tb
A LA P s A PRV VR TR AL 1S W P s o
B 1 iMRAFTE(8.47+0.02)F1(8.31+0.01) 1g(CFU/g) .
FT IR, URCHEROR AT LA AT 25 AR BRI AS R ER
B iR . B0 iaBerE, BRI ] AITELRIESH 25 | F
R SRR R B, S 2 2R 80 3 N A po DO e
01, BA—E RV HRTS
5% ik

(1] 2. Beie @ 8e 5 4 B A B A H 28 RIOR A0 81 50
[D]. 3t Fa: 5t M K 2, 2019: 25-37. [ ZHEN J. Study on cholesterol-
lowering probiotics fermented yoghurt and its prolonging shelf
life[D]. Guiyang: Guizhou University, 2019: 25-37. ]
[2] SRl Ao i AR R T L LM FARA B R Y0
B [D]. Ak 8 b RARFH K %, 2019: 10-18. [GUOLY.
Research on the effect of compound probiotics and technological
conditions on the quality of soft goat cheese[D]. Yangling: North-
west A&F University, 2019: 10-18. ]

[3] mX#, AAm, A2, F MRERRESLH CICC
6075 vk ks P a9 B R [T, &% T A A3, 2020, 41(21): 67-74.
[TIAN W J, ZHAO D R, SUN Y Q, et al. Application of
microencapsulation technology in probiotic ice cream with CICC
6075[J]. Science and Technology of Food Industry, 2020, 41(21):
67-74. ]

(4] RRAs. BARIHEATR Y Ky KOEREATHKE
tag B 7 0] & s T 1, 2018, 39(7):194-197. [JIA H X.
Changes of moisture content, water activity and viable cells of
probiotics milk powder during storage[J]. The Food Industry, 2018,
39(7):194-197. ]

[ 5] KEVIN H S. Considerations for the successful development
and launch of personalised nutrigenomic foods[J]. Mutation
Research-Fundamental and Molecular Mechanisms of Mutagenesis,
2007, 622(1): 117-121.

[6] PATEL A R. Probiotic fruit and vegetable juices- recent
advances and future perspective[J]. International Food Research
Journal, 2017, 24(5): 1850—1857.

(7] &84, RRE, R, 5.0 Y MO ERRMED AT A
R e [T, SR S a8 AR, 2020, 26(17): 129-131. [YU Y'Y,
DENG Y X, XU Q, et al. Advancement of health function of carrot
and its utilization[J]. Anhui Agricultural Science Bulletin, 2020,
26(17): 129-131. ]

(8] tkmide, T, ARE, F. Fdosr Rt A A X B
¥ &R Yo U] A& T kAR, 2020, 41(15): 99-105.

[ ZHANG L H, WANG X, ZHAO G Y, et al. Effects of adding


https://doi.org/10.3969/j.issn.1007-7731.2020.17.057
https://doi.org/10.3969/j.issn.1007-7731.2020.17.057
https://doi.org/10.3969/j.issn.1007-7731.2020.17.057
https://doi.org/10.3969/j.issn.1007-7731.2020.17.057

- 140 - £ Tl B4

20224 1 A

jujube juice on quality of carrot fermented by Lactobacillus
plantarum[J]. Science and Technology of Food Industry, 2020,
41(15):99-105. ]

[9] &k, &% AHEL F ATAATRERES REER
Py 5 A AR (T]. AR &, 2018(22): 5-7. [ GAO Y, GUAN X
Y, HUANG J W, et al. Application research of vacuum freeze-
drying technology in functional foods[J]. Modern Food, 2018(22):
5-7. ]

[10] COGHETTO C C, HICKMAN FLORES S, GRAZIELA B
B, et al. Viability and alternative uses of a dried powder,
microencapsulated Lactobacillus plantarum without the use of cold
chain or dairy products[J]. LWT-Food Science and Technology,
2016, 71: 54-59.

[11] ZHANG B B, WANG L, CHARLES V, et al. Robust and
biocompatible hybrid matrix with controllable permeability for
microalgae encapsulation[J]. ACS Applied Materials & Interfaces,
2016, 8(14): 8939-8946.

[ 12] SUVARNA S, DSOUZA J, RAGAVAN M L, et al. Potential
probiotic characterization and effect of encapsulation of probiotic
yeast strains on survival in simulated gastrointestinal tract condi-
tion[J]. Food Science and Biotechnology, 2018, 27(3): 745-753.
[13] RAHMATI F. Microencapsulation of Lactobacillus
acidophilus and Lactobacillus plantarum in eudragit S100 and
alginate chitosan under gastrointestinal and normal conditions[J].
Applied Nanoscience, 2020, 10(1): 391-399.

[14] RABIA 1, TAHIR Z, NUZHAT H, et al. In-vitro GIT
tolerance of microencapsulated Bifidobacterium bifidum ATCC
35914 using polysaccharide-protein matrix[J]. Probiotics and
Antimicrobial Proteins, 2019, 11(3): 830—839.

[15] #hmA), B LE, ®AK, F. ARSGLFEGARMGE
IR BRI A & e R o AT (1] A e AL 2020, 41(12):
259-266. [SUN Y L, ZHOU W M, HUANG Y G, et al
Microencapsulation and quality analysis of tartary buckwheat flavo-
noids using polywhey protein as wall material[J]. Food Science,
2020, 41(12): 259-266. ]

[16 ] MASSOUNGAB A, 8 &, #h3hsh, & i T840
HEAFERAMAEATEENFOEARAI]. FERSF
ik, 2017,17(9): 33-40. [ MASSOUNGA B A,LIXD,DULL, et
al. Study on the viability of L. acidophilus and L. casei microenca-
psulated in freeze-dried banana powder[J]. Journal of Chinese
Institute of Food Science and Technology, 2017, 17(9): 33—40. ]
(17 ] 24545, AR k4] & T 86 SUAT B AU AL 2 5L A
B R [D]. va R R R K5, 2016:28-34. [ WANG T
T. Preparation of Lactobacillus casei microcapsule by endogenous
emulsion and its fermentation application in the whey[D]. Harbin:
Northeast Agricultural University, 2016: 28-34. ]

[18] MARIA JOSE T Q, NELSON R, PABLO M, et al. Green
apple baked snacks functionalized with edible coatings of
methylcellulose containing Lactobacillus plantarum[J]. Journal of
Functional Foods, 2015, 16; 164—173.

[19] ALTAMIRANO FORTOUL R, MORENO TERRAZAS R,
QUEZADA GALLO A, et al. Viability of some probiotic coatings in

bread and its effect on the crust mechanical properties[J]. Food
Hydrocolloids, 2012, 29(1): 166—174.

[20] A4, FURA, FRIE, F. MK RS AT EE S
#F R P AERGY ] P AR S FIR, 2018, 18(5): 98-105.
[ZHAO W L, LI X D, LI D H, et al. Effect of microencapsulation
on the survival rate of Lactobacillus plantarum in high-salt
cheese[J]. Journal of Chinese Institute of Food Science and
Technology, 2018, 18(5): 98—105. |

[21] DARJANI P, NEZHAD M H, KADKHODAEE R, et al.
Influence of prebiotic and coating materials on morphology and
survival of a probiotic strain of Lactobacillus casei exposed to
simulated gastrointestinal conditions[J]. LWT, 2016, 73: 162—167.
[22] BRRZ, WRBRE, 437, . R0 M-20 K o g BT
SLBL A R Mok ATl 0 ¥ om TR S A, 2021, 42(3):
179-185. [CHEN B Y, LIN X Z, LI W X, et al. Effects of sodium
alginate-nanocellulose beads on the viability of lactic acid bacteria in
simulated gastrointestinal fluid[J]. Food Science, 2021, 42(3):
179-185. ]

L éd K5, 2008: 17-18. [LIR J. Study on the combined drying
process of leisure dehydrated fruits and vegetables [D]. Wuxi:
Jiangnan university, 2008: 17—18. ]
[24] FZ4h. A FHERIFA S 48 T 2ARAC 25 M0 4T AR A
WA D] K% KE® T K%, 2019: 12-15. [LIY W.
Study on the process optimization, structure and antioxidant activity
of polygonatum polysaccharides by ultra-high pressure extrac-
tion[D]. Dalian: Dalian University of Technology, 2019: 12—15. ]
[25] JA#m, Whala, k=%, 5. A8 5 ka9 & TIRA9N Y
;e ey Fm 0] RS 5 L B Tk, 2018, 44(8): 196-202.
[ ZHOU X L, SHEN B Y, ZHANG S Q, et al. Effect of ultrasonic
assisted freeze drying on the quality of carrot[J]. Food and
Fermentation Industries, 2018, 44(8): 196—202. |
[26] &4, )7 R R Bl #3357 XA 3k K 8 R ¥ 0 09 A 7L
[D]. 7~ M: Bd K%, 2015: 24-29. [ SHE T T. Effects of different
cultivation methods on vegetable quality in Guangzhou[D].
Guangzhou: Jinan University, 2015: 24-29. |
[27] T4, 8%, %k, F. HFHE LR ABMTHG AT A
HFBRI LKA R &AS,2019,40(20): 255-260. [ YU H,
PENG Z, HUANG T, et al. Optimization of vacuum freeze drying
for preparation of fermented goji berry (Lycium barbarum L. ) pow-
der with probiotics[J]. Food Science, 2019, 40(20): 255-260. ]
(28] iR, 7, B3 A R RO 8 B 4
Fa AR ST 3 4 & 2 Sh M W AR R A T AR R ] B oA,
2019,40(24): 142-150. [ CHANG L Y, ZHUANG J Y, MENG F,
et al. Preparation and in vitro evaluation of marine oligosaccharide
coated microcapsules containing probiotics and their regulatory
effect on animal intestinal flora[J]. Food Science, 2019, 40(24):
142-150. ]
[29] BRESGREHEALRH BR AR ATER S
GB 4789.35-2016 £ b % 4~ B AR A 5o i 2k 4 F A B LR HA A
¥ [S]. &b = : P B 47 o B AL, 2016. [ State Food and Drug

Administration, National Health and Family Planning Commission.


https://doi.org/10.1016/j.lwt.2016.03.020
https://doi.org/10.1007/s10068-018-0310-8
https://doi.org/10.1007/s12602-017-9384-5
https://doi.org/10.1007/s12602-017-9384-5
https://doi.org/10.7506/spkx1002-6630-20190624-291
https://doi.org/10.7506/spkx1002-6630-20190624-291
https://doi.org/10.1016/j.jff.2015.04.024
https://doi.org/10.1016/j.jff.2015.04.024
https://doi.org/10.1016/j.foodhyd.2012.02.015
https://doi.org/10.1016/j.foodhyd.2012.02.015
https://doi.org/10.1016/j.lwt.2016.05.032
https://doi.org/10.7506/spkx1002-6630-20200214-141
https://doi.org/10.7506/spkx1002-6630-20200214-141
https://doi.org/10.7506/spkx1002-6630-20181022-243
https://doi.org/10.7506/spkx1002-6630-20181022-243
https://doi.org/10.7506/spkx1002-6630-20181127-311
https://doi.org/10.7506/spkx1002-6630-20181127-311
https://doi.org/10.1016/j.lwt.2016.03.020
https://doi.org/10.1007/s10068-018-0310-8
https://doi.org/10.1007/s12602-017-9384-5
https://doi.org/10.1007/s12602-017-9384-5
https://doi.org/10.7506/spkx1002-6630-20190624-291
https://doi.org/10.7506/spkx1002-6630-20190624-291
https://doi.org/10.1016/j.jff.2015.04.024
https://doi.org/10.1016/j.jff.2015.04.024
https://doi.org/10.1016/j.foodhyd.2012.02.015
https://doi.org/10.1016/j.foodhyd.2012.02.015
https://doi.org/10.1016/j.lwt.2016.05.032
https://doi.org/10.7506/spkx1002-6630-20200214-141
https://doi.org/10.7506/spkx1002-6630-20200214-141
https://doi.org/10.7506/spkx1002-6630-20181022-243
https://doi.org/10.7506/spkx1002-6630-20181022-243
https://doi.org/10.7506/spkx1002-6630-20181127-311
https://doi.org/10.7506/spkx1002-6630-20181127-311

43 % 5 2 )

TR | 2 HMFUAT PRSI E MYEF S S - 141 -

GB 4789.35-2016 The national standard for food safety, food micro-
biology, detection of lactic acid bacteria[S]. Beijing: Standards Press
of China, 2016. ]

[30] VAZIRIA S, ALEMZADEH I, VOSSOUGHI M. Improving
survivability of Lactobacillus plantarum in alginate-chitosan beads
reinforced by Na-tripolyphosphate dual cross-linking[J]. LWT-
Food Science and Technology, 2018, 97: 440—447.

[31] DEHKORDI S S, ALEMZADEH I, VAZIRI A, et al.
Optimization of alginate-whey protein isolate microcapsules for
survivability and release behavior of probiotic bacteria[J]. Applied
Biochemistry and Biotechnology, 2020, 190(8): 182—-196.

[32] EH. KEx XY MagEL sy mie#a (D) Ik
2w | R Ak K5, 2014: 29-36. [ WANG R. Effects of fermenta-
tion methods on the quality of pickled radish in the fermentation[D].
Ya'an: Sichuan Agricultural University, 2014: 29-36. ]

[33] B 2. &AKXBAIAT M Reg#a D] £%:0 &
R K F, 2020: 16-19, 40. [MA Y Y. Effects of probiotic

fermentation on the quality of carrot powder[D]. Tai 'an: Shandong

Agricultural University, 2020: 16-19, 40. ]

[34] RAFFAELLA D C, ROSALINDA F S, ANNALISA P, et al.
Effect of autochthonous lactic acid bacteria starters on health-
promoting and sensory properties of tomato juices[J]. International
Journal of Food Microbiology, 2008, 128(3): 473—483.

[35] TONNIS W F, MENSINK M A, JAGER A D, et al. Size and
molecular flexibility of sugars determine the storage stability of
freeze-dried proteins[J]. Molecular Pharmaceutics, 2015, 12(3):
684—694.

[36] KAILASAPATHY K. Survival of free and encapsulated
probiotic bacteria and their effect on the sensory properties of
yoghurt[J]. LWT-Food Science and Technology, 2006,39(10):
1221-1227.

[37] HAN C L, XIAO Y J, LIU E C, et al. Preparation of Ca-
alginate-whey protein isolate microcapsules for protection and
delivery of L. bulgaricus and L. paracaseil[J]. International Journal

of Biological Macromolecules, 2020, 163: 1361—1368.


https://doi.org/10.1016/j.lwt.2018.07.037
https://doi.org/10.1016/j.lwt.2018.07.037
https://doi.org/10.1021/mp500423z
https://doi.org/10.1016/j.lwt.2005.07.013
https://doi.org/10.1016/j.ijbiomac.2020.07.247
https://doi.org/10.1016/j.ijbiomac.2020.07.247
https://doi.org/10.1016/j.lwt.2018.07.037
https://doi.org/10.1016/j.lwt.2018.07.037
https://doi.org/10.1021/mp500423z
https://doi.org/10.1016/j.lwt.2005.07.013
https://doi.org/10.1016/j.ijbiomac.2020.07.247
https://doi.org/10.1016/j.ijbiomac.2020.07.247
https://doi.org/10.1016/j.lwt.2018.07.037
https://doi.org/10.1016/j.lwt.2018.07.037
https://doi.org/10.1016/j.lwt.2018.07.037
https://doi.org/10.1016/j.lwt.2018.07.037
https://doi.org/10.1021/mp500423z
https://doi.org/10.1016/j.lwt.2005.07.013
https://doi.org/10.1016/j.ijbiomac.2020.07.247
https://doi.org/10.1016/j.ijbiomac.2020.07.247
https://doi.org/10.1021/mp500423z
https://doi.org/10.1016/j.lwt.2005.07.013
https://doi.org/10.1016/j.ijbiomac.2020.07.247
https://doi.org/10.1016/j.ijbiomac.2020.07.247

