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Abstract: This study aimed to establish a process for preparing probiotic apricot crisps enriched with a high level of
Lactiplantibacillus plantarum (L. plantarum). Three pretreatment methods, normal pressure impregnation (NPI), ultrasonic
impregnation (UI), and vacuum impregnation (VI), were combined with fermentation technology. The viable count of L.
plantarum in freeze-dried apricot crisps was determined to evaluate the impregnation efficiency of the different methods.
Following the optimization of individual process parameters through single-factor experiments, orthogonal experiments
were conducted to further optimize multiple factors, including ultrasonic power, ultrasonic time, and fermentation time. In
parallel, changes in the apricot cell tissue structure were examined using scanning electron microscopy, and the total sugar,
total acid, and total phenolic contents of the fermented apricot crisps were analyzed. The results indicated that UT treatment

yielded a viable count of 1.0~2.0x107 CFU/g, which was significantly higher than that of the vacuum and normal pressure
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treatment groups (P<0.05). The optimal process conditions were determined as follows: Ultrasonic power of 125 W,

impregnation time of 12 min, and fermentation time of 20 h, under which the viable count of the final product was increased

to 1.0~2.0x10® CFU/g. Scanning electron microscopy observations revealed that ultrasonic impregnation significantly

increased the porosity and pore size of apricot cell tissues, effectively promoting bacterial penetration. After fermentation,

the total sugar, total acid, and total phenol contents of the apricot crisps showed significant differences compared with the

control group (P<0.05). This study developed an ultrasonic-fermentation synergistic technology for preparing L. plantarum-

enriched apricot crisps, providing an innovative process for developing high-activity probiotic fruit crisps. It holds

important application value for enhancing the added value of apricots and promoting the development of functional snack

foods.
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Table 1 Lactobacillus plantarum-fermented apricot crisps sensory evaluation
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Fig.1 Crispness and hardness of Lactobacillus plantarum-
fermented apricot crisps
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Table 2 Color indices of Lactobacillus plantarum-fermented
apricot crisps
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Fig.2 Flavor components of Lactobacillus plantarum-

fermented apricot crisps
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Fig.3 Analysis of viable counts of Lactobacillus plantarum-
fermented apricot crisps at different stages
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Fig.4 Microstructure of Lactobacillus plantarum-fermented
apricot crisps (100x)
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Table 3 Results of orthogonal experiment on ultrasonic
impregnation of Lactobacillus plantarum-fermented
apricot crisps

e ARFIIR BHEIFEIE] CREEIE REEC EES
S

=

(W) (min) (h) (lg(CFU/g))  (41)

1 100 10 16 8.367 97
2 100 12 20 8.522 96
3 100 14 24 8.791 87
4 125 10 20 8.529 95
5 125 12 24 8.852 92
6 125 14 16 8.434 93
7 150 10 24 8.677 91
8 150 12 16 8.416 93
9 150 14 20 8.443 922
k1 8.56 8.524 8.405

K2 8.605 8.596 8.498

K3 8.512 8.556 8.773

R 0.093 0.072 0.368
K1 93.3 94.3 94.34
K2 93.34 94.67 94.34
K3 92 90.67 90

R 1.34 0.37 434

T KO NGB VRS EMEL L kO A e T B AU

4 YIRS e AR DR IR BT
T3 23 Hr Gl E0O
Table 4 Analysis of variance of orthogonal experimental
design for ultrasonic impregnation of Lactobacillus plantarum-
fermented apricot crisps (viable count)

AR SR AdE Vo Br Ffd Pl
ARFHIF(W) 2 0.013 0.006  6.901  0.027
Bil# i} 8] (min) 2 0.008 0.004 4195  0.032

CAFERtE (h) 2 022 0.11 11.672  0.008
5 FHPIFLREFT A NG A IR RS IR R T

T 2E M OB PR
Table 5 Analysis of variance of orthogonal experimental
design for ultrasonic impregnation of Lactobacillus plantarum-
fermented apricot crisps (sensory evaluation)

A5 SRR HEE  FHE By Fld Pl
AR TIH(W) 2 3.556 1778 3.323 0231
B Hsf ] (min) 2 22.889 11444 2147  0.661

CEFERTE (h) 2 37.556 0.11 552 0.035

Kl 6B nI A, FER 4 B L & i 3 v T e
B, AT RGeS AR ) FLAE AT A A2 AT PLIR (A FLAE
R KA S TR B 52, iX 5 Gao 45
W, FLIR B R TR v i S SR S h 45 S AR I 5 1k,
I3 IR I A P IR & SRAR

&l 6C 7T %1, FER 4 Gl & & 3 = T UP 4.,
BC £H(P<0.05), "] Rej2 i TAEMZLAAAT PR 1 R IRt
A FPE T AR RO T 4 A S e R, Ik
T W E AR At E ALY TE, AT T s
AP . Huang 289 W58 s, FLBR B & 18
A 38 A SRR AT B SR e S A R 4 B A 22 1, RIS
T PSP T (R SN, BRI S BT 4 A nT Rk, As
I IEE RS 2 A —3K .



8- £ Tl A 2026 4 5 A
A 604 BTN TR BN TT, e s IR A0
50+ ASBIF S 7 A BIR 51 5 R R OR AR ZE &, il
2 404 DI % S BEGE 10° CFU/g RS A IR I 75
ED 30 a0 WIFFESE IR R sk B T A A F LA AT IR e
Eﬁ R AL T BUSRIE AR S IZHARR I LM
£ 29 FIDIREMEVR R £ FAT B SCBR(H. ARFT
104 SETE R e . A B IO, D PPA
0 TP ARA P I REFE AN S A IE BCME . I BOARX I
B 10- KRRI DI BE PR PR £ i HAT T B SRR
z : © The Author(s) 2026. This is an Open Access article
2 7 distributed under the terms of the Creative Commons Attribution
%0 6 License (https://creativecommons.org/licenses/by-nc-nd/4.0/).
]
g 5] 5%
2, [1] HONGIJ X, LI J, WANG S L. Discussions on the develop-
14 ment and countermeasures of plum and apricot industry in liaoning
0 province [C]//International society for horticultural science. ab-
C 4.0 stracts of XVI international symposium on apricot breeding and cul-
354 ture and XV Chinese national symposium on plum and apricot. Fruit
304 and Silkworm Administrative General Station of Liaoning Province:
§ 25 Liaoning Institute of Pomology, 2015: 54.
e 204 [2] XIN Qi, ZHOU Xinqun, JIANG Weibo, et al. Effects of reac-
iﬁ Lsd tive oxygen levels on chilling injury and storability in 21 apricot va-
= rieties from different production areas in China[J]. Foods, 2023, 12
= 107 (12): 2378,
O'Z 1 (3] A%, 940, 505, 5 RAWH %0 TH KL

K6 HEPFL AT R A HEEHE(A)  EFR(B) ., B (C)
PR
Fig.6 Changes in total sugar (A), total acid (B), and total
phenol (C) contents of Lactobacillus plantarum-fermented
apricot crisps

3 i

AWM 1L T b IR R A IR B E A =
B A AL FE SRS IS AR ) LA AT R & AR R Y
RN, R IR S 12151 0T S TS S N A A LA PR
T (P<0.05), ORI T IR Bt 5 BHAs 2. S
2ot — B R R T451, A3 AR 2 AUV At A
TFLHLUFLBLFEHGIN 30%, JE LS m i, fedtp
R85, (A B SEA A AT B e R 4 e o

X IR T 23Tk, S TR e E H
b, JeSRBs N & BER A] R B R e R, IT45 &R
WL MR IR Im I TR A T R DR 2R G, SR TS B AL
LA MR E PR SR TIEAS IS, A T 2S84
DI 125 W, BT E] 12 min, KR BERTE] 20 he
S TS B WENE %G 10° CFU/g 4%, [AlRTeh
GIT 2250, A5 IR AT AT ME I TS PREL . BB DT
M) SRy e WA [R>S D> s ]

L A G OB o e Sl S A, TR TR
FmE ETE, R E T AN T LA
FFEA B A2 120, A& SRR SRR T, A

J [J]. & o& T 3k A4 ,2015,36(17):384-387. [ LI Zhiya, LI
Qingming, SU Xiaojun, et al. Research progress in vacuum process-
ing technology of fruit and vegetable chips[J]. Science and Tech-
nology of Food Industry, 2015, 36(17): 384-387. ]

[4] KARABULUT L, BILENLER T, SISLIOGLU K, et al. Chemi-
cal composition of apricots affected by fruit size and drying meth-
ods[J]. Drying Technology, 2018, 36(16): 1937—1948.

[ 5] SZLUFMAN C, SHEMESH M. Role of probiotic bacilli in de-
veloping synbiotic food: Challenges and opportunities [J]. Frontiers
in Microbiology, 2021, 12: 638830.

(6] Ewek, R, Bk, F SRRSO EREI]. F
£ ¥ ,2024(18): 126-129. [ WANG Xiaochun, ZHANG Jian-
feng, XUE Yongchun, et al. Research progress of probiotic food [J].
China Food, 2024(18): 126—129. ]

[7] GOMEZ P L, WELTI-CHANES J, ALZAMORA S M. Hur-
dle technology in fruit processing[J]. Annual Review of Food Sci-
ence and Technology, 2011, 2: 447-465.

[ 8] LIU June, ZHANG Yan, ZHANG Jing, et al. Probiotic yogurt
effects on intestinal flora of patients with chronic liver disease[J].
Nursing Research, 2010, 59(6): 426-432.

[9] LEFKOVITZ AL, ZAROWITZ B J. It’s a microscopic world
after all: Prebiotics, probiotics, and synbiotics[J]. Geriatric Nurs-
ing, 2013, 34(4): 323-325.

[10] de OLIVEIRA P M, RAMOS A M, MARTINS E M F, et al.
Comparison of vacuum impregnation and soaking techniques for ad-
dition of the probiotic Lactobacillus acidophilus to minimally pro-
cessed melon[J]. International Journal of Food Science & Technolo-
gy, 2017, 52(12): 2547-2554.

[11] ANWER M, WEI M Q. Harnessing the power of probiotic
strains in functional foods: Nutritive, therapeutic, and next-genera-


https://creativecommons.org/licenses/by-nc-nd/4.0/
https://creativecommons.org/licenses/by-nc-nd/4.0/
https://creativecommons.org/licenses/by-nc-nd/4.0/
https://creativecommons.org/licenses/by-nc-nd/4.0/
https://creativecommons.org/licenses/by-nc-nd/4.0/
https://doi.org/10.3390/foods12122378
https://doi.org/10.13386/j.issn1002-0306.2015.17.071
https://doi.org/10.13386/j.issn1002-0306.2015.17.071
https://doi.org/10.13386/j.issn1002-0306.2015.17.071
https://doi.org/10.13386/j.issn1002-0306.2015.17.071
https://doi.org/10.1080/07373937.2018.1427762
https://doi.org/10.3389/fmicb.2021.638830
https://doi.org/10.3389/fmicb.2021.638830
https://doi.org/10.19812/j.cnki.jfsq11-5956/ts.20250826003
https://doi.org/10.19812/j.cnki.jfsq11-5956/ts.20250826003
https://doi.org/10.19812/j.cnki.jfsq11-5956/ts.20250826003
https://doi.org/10.1146/annurev-food-022510-133619
https://doi.org/10.1146/annurev-food-022510-133619
https://doi.org/10.1146/annurev-food-022510-133619
https://doi.org/10.1097/NNR.0b013e3181fa4dc6
https://doi.org/10.1111/ijfs.13540
https://doi.org/10.1111/ijfs.13540
https://doi.org/10.1111/ijfs.13540

4748 5 10

kR A MYEUERT AR A T 20 S SR T E

tion challenges[J]. Food Science and Biotechnology, 2024, 33(9):
2081-2095.

[12] BT R, 3Ex4s, TR &, 5 IARKRR T4 T ZH ALt
Je [J]. % 55 m I, 2024, 24(2): 80-90,96. [ CHEN Zimin, MO
Jiangting, CHEN Guangsheng, et al. Research progress of modern
fruit drying process technology[J]. Storage and Process, 2024,
24(2): 80-90,96.

[ 13] RODRIGUES S, SILVA L C A, MULET A, et al. Develop-
ment of dried probiotic apple cubes incorporated with Lactobacillus
casei NRRL B-442[J]. Journal of Functional Foods, 2018, 41:
48-54.

[14] BH, 4W¥, KEmW, F. 0 A v EEADIATRG L
LARALLT]. A FAH 3, 2017, 38(16): 183—-189. [ CUI Li, NIU Liy-
ing, HUANG lJiapeng, et al. Optimization of processing parameters
for probiotics enrichment in impregnated carrot slices[J]. Food Sci-
ence, 2017, 38(16): 183-189. ]

[ 15] TARRAH A. Probiotics, prebiotics, and their application in
the production of functional foods[J]. Fermentation, 2022, 8(4):
154.

[16 ] BETORET N, PUENTE L, DIAZ M J, et al. Development of
probiotic-enriched dried fruits by vacuum impregnation[J]. Journal
of Food Engineering, 2003, 56(2-3): 273-277.

[17] BREAMEZN S, BERTHERERLL RRELRE
FARE B A F0 8% S 40 €. GB 4789.2-2022[S].
Je 7 EAFE $ R, 2022, [ National Health Commission, State
Administration for Market Regulation. National food safety stan-
dard food microbiological inspection Determination of total bacteri-
al colony: GB 4789.2-2022[S]. Beijing: Standards Press of China,
2022. ]

(18] I, budk, RAEH, F. MAFHIRFABHELS2HE
W) F R A e R S 0 P (D). A F AR, 2007, 47(4):
697-701. [ CHEN Wei, HANG Feng, ZHAO Jianxin, et al. Alter-
ations of membrane permeability in Escherichia coli and Staphylo-
coccus aureus under microwave[J]. Acta Microbiologica Sinica,
2007, 47(4): 697-701. ]

[19] BEAZEELLREEER, F RAFENERLER L.
WA a8 F 2MAR A RAFaREF 2B %
GB/T 33834-2017[S]. 4t % : ¥ B 4% /& & s 4k, 2017. [ General
Administration of Quality Supervision, Inspection and Quarantine of
the People’s Republic of China, Standardization Administration of
the People’s Republic of China. Microbeam analysis —Scanning
electron microscopy—Scanning electron microscope analysis of bio-
logical specimens: GB/T 33834-2017[S]. Beijing: Standards Press
of China, 2017. ]

[20] Ao SRIRAA -2 MOk E TIRA L B A W2 T
#) o T LA D], %18 7 d A8 K 4, 2020. [ LIAN Miao-
miao. Kiwi fruit freeze drying-vacuum microwave combined drying
and probiotic dipping process optimization[D]. Luoyang: Henan
University of Science and Technology, 2020. ]

[ 21 ] MECOZZI M. Estimation of total carbohydrate amount in en-
vironmental samples by the phenol—sulphuric acid method assisted
by multivariate calibration[J]. Chemometrics and Intelligent Labo-
ratory Systems, 2005, 79(1-2): 84—90.

[22] PHRAREFERZZAFRTHNATERAS. BRELE
FAF R A P A HLER 69 M : GB 5009.157-2016[S]. ALK F
A7/ R AL, 2017, [ National Health and Family Planning Com-
mission of the People's Republic of China. National food safety stan-
dards Determination of food organic acids: GB 5009.157-2016[S].
Beijing: Standards Press of China, 2017. ]

(23] BETHEREELR, BFARENEZER & H0H 8
% By AR ABAREN K Ho &% GB/T 44349-2024[S]. db7w: F
A7 2 B R, 2024, [ State Administration for Market Regulation,
Standardization Administration of the People’s Republic of China.
Detection of total polyphenols in bee pollen—Colorimetric method
using Folin-Ciocalteu reagent: GB/T 44349-2024[S]. Beijing: Stan-
dards Press of China, 2024. |

[24] ik, BT IR E R & R4 5 09 AR 2048 5 b7k
BRI B AT 5 [D]. 4. i R K 5, 2021. [ XU Xin. Study on
pretreatments of okra by flat sweep frequency pulsed ultrasound and
freeze-thaw based on drying efficiency and quality control[D].
Zhenjiang: Jiangsu University, 2021. ]

[25] k2B A ABFRALE AT EERFAE RS Y0
[D]. 4% . #h % K 57, 2024. [ ZHANG Xinyue. Effect of ultrason-
ic pretreatment on quality and storage characteristics of freeze-dried
strawberries[D]. Jinzhou: Bohai University, 2024. ]

[26] DANG L T K, THERDTHAI N, RATPHITAGSANTI W.
Effects of ultrasonic and enzymatic treatment on physical and chem-
ical properties of brown rice[J]. Journal of Food Process Engineer-
ing, 2019, 42(3): e13016.

[27] Stk ham, T3, . ESHHrr 2280 2 AT R
FRMNEZFHRRSFEFNHon[I]. 2% T LA, 2018,
39(21): 10-14. [ JIA Hongfeng, CHEN Yang, KANG Xiaoqin, et
al. Analysis of main nutritional components and effects of drying
methods on main functional components content and color of kyoho
grape leaves[J]. Science and Technology of Food Industry, 2018, 39
(21): 10-14. ]

[28 ] DEMIR H, CELIK S, SEZER Y C. Effect of ultrasonication
and vacuum impregnation pretreatments on the quality of beef mari-
nated in onion juice a natural meat tenderizer[J]. Food Science and
Technology International, 2022, 28(4): 340-352.

[29] WANG Jun, WEI Bocheng, ZHAI Yanrong, et al. Non-
volatile and volatile compound changes in blueberry juice inoculat-
ed with different lactic acid bacteria strains[J]. Journal of the Sci-
ence of Food and Agriculture, 2024, 104(5): 2587-2596.

[30] GONCALVES D J R, de ALMEIDA C, DO AMARAL E
PAIVA M J, et al. Ultrasonic pre-treatment to enhance drying of po-
tentially probiotic guava (Psidium guajava): Impact on drying ki-
netics, Lacticaseibacillus rhamnosus GG viability, and functional
quality[J]. Food Research International, 2023, 173(Pt 2): 113374.
[31] NAZAREWICZ S, KOZLOWICZ K, GLADYSZEWSKA B,
et al. Effects of ultrasound treatment on the physical and chemical
properties of ice cream with a strawberry seed oil oleogel [J]. Sus-
tainability, 2023, 15(11): 8975.

[32] ZHOU Y H, STANISZEWSKA I, LIU Z L, et al. Mi-
crowave-vacuum-assisted drying of pretreated cranberries: Drying
kinetics, bioactive compounds and antioxidant activity[J]. LWT,
2021, 146: 111464.

[33] SZADZINSKA J, KOWALSKI S J, STASIAK M. Mi-
crowave and ultrasound enhancement of convective drying of straw-
berries: Experimental and modeling efficiency[J]. International
Journal of Heat and Mass Transfer, 2016, 103: 1065—1074.

[34] $rhh, 1) 3k, B, 5. R BRI H H Bk Fids
PRy T Y a [T]. &5 P, 2020, 36(8): 15-21,81. [JIN
Liwei, REN Guangyue, DUAN Xu, et al. Effect of ultrasonic pre-
treatment on water migration of apricot slices during microwave
freeze-drying[J]. Food & Machinery, 2020, 36(8): 15-21,81. ]
[35] 2 2% FAEWNAY P 09 5] &AL FRAL AT R
[D]. #% M # M X %, 2017. [ LIU Yingping. Preparation and stor-


https://doi.org/10.1007/s10068-024-01630-z
https://doi.org/10.3969/j.issn.1009-6221.2024.02.012
https://doi.org/10.3969/j.issn.1009-6221.2024.02.012
https://doi.org/10.1016/j.jff.2017.12.042
https://doi.org/10.7506/spkx1002-6630-201716029
https://doi.org/10.7506/spkx1002-6630-201716029
https://doi.org/10.7506/spkx1002-6630-201716029
https://doi.org/10.7506/spkx1002-6630-201716029
https://doi.org/10.3390/fermentation8040154
https://doi.org/10.1016/S0260-8774(02)00268-6
https://doi.org/10.1016/S0260-8774(02)00268-6
https://doi.org/10.1016/j.chemolab.2005.04.005
https://doi.org/10.1016/j.chemolab.2005.04.005
https://doi.org/10.1016/j.chemolab.2005.04.005
https://doi.org/10.1111/jfpe.13016
https://doi.org/10.1111/jfpe.13016
https://doi.org/10.1111/jfpe.13016
https://doi.org/10.13386/j.issn1002-0306.2018.21.003
https://doi.org/10.13386/j.issn1002-0306.2018.21.003
https://doi.org/10.1177/10820132211012919
https://doi.org/10.1177/10820132211012919
https://doi.org/10.1002/jsfa.13142
https://doi.org/10.1002/jsfa.13142
https://doi.org/10.1002/jsfa.13142
https://doi.org/10.3390/su15118975
https://doi.org/10.3390/su15118975
https://doi.org/10.1016/j.lwt.2021.111464
https://doi.org/10.1016/j.ijheatmasstransfer.2016.08.001
https://doi.org/10.1016/j.ijheatmasstransfer.2016.08.001
https://doi.org/10.13652/ji.ssn.1003-5788.2020.08.003
https://doi.org/10.13652/ji.ssn.1003-5788.2020.08.003

<10 - £ Tl B4

2026 4F 5 A

age stability of probiotic-enriched carrot crisps[D]. Yangzhou:
Yangzhou University, 2017. ]

[36] SANTOS N C, ALMEIDA R L J, SANTOS MONTEIRO S,
et al. Ultrasound and microwaves reduce stress in probiotics during
avocado drying: Impact on mass transfer and cell viability [J]. Food
Bioscience, 2024, 61: 104655.

[37] ZHANG Manjun, ZHOU Chunli, MA Long, et al. Influence
of ultrasound on the microbiological, physicochemical properties,
and sensory quality of different varieties of pumpkin juice[J]. He-
liyon, 2024, 10(6): €27927.

[38] DIMITROVSKI D, VELICKOVA E, LANGERHOLC T, et
al. Apple juice as a medium for fermentation by the probiotic Lacto-
bacillus plantarum PCS 26 strain[J]. Annals of Microbiology, 2015,
65(4):2161-2170.

[39 ] YUE Mingzhe, FENG Zhen, ZHOU Junping, et al. Improv-
ing functionality and metabolite profiles of black sapote juice
through lactic acid bacteria fermentation[J]. LWT, 2024, 213:
117048.

[40 ] WANG Huixian, HE Xinggiao, LI Juanni, et al. Lactic acid
bacteria fermentation improves physicochemical properties, bioac-
tivity, and metabolic profiles of Opuntia ficus-indica fruit juice[J].
Food Chemistry, 2024, 453: 139646.

[41] Foxdm, saAh, £, % RESLERE A BT AL 8 2%
P AL BN TE M B AR K Rk 6 e (0], F B A Sk AR,

2024,24(9):310-321. [ WU Jiangna, WEI Guanmian, MAO Na,
et al. Effects of different lactic acid bacteria fermentation on nutri-
ent composition, antioxidant activity and volatile flavor substances
of snow pear juice[J]. Journal of Chinese Institute of Food Science
and Technology, 2024, 24(9):310-321. ]

[42] NAGARAJAN D, CHEN C Y, ARIYADASA T U, et al.
Macroalgal biomass as a potential resource for lactic acid fermenta-
tion[J]. Chemosphere, 2022, 309: 136694.

[43] GAO Hang, ZHANG Jian, LIU Li, et al. Metagenomic analy-
sis revealing the metabolic role of microbial communities in the free
amino acid biosynthesis of Monascus rice vinegar during fermenta-
tion[J]. Food Science and Human Wellness, 2024, 13(4):2317—
2326.

[44 ] LIU Shuai, HE Yuxin, HE Weiwei, et al. Exploring the bio-
genic transformation mechanism of polyphenols by Lactobacillus
plantarum NCU137 fermentation and its enhancement of antioxi-
dant properties in wolfberry juice[J]. Journal of Agricultural and
Food Chemistry, 2024, 72(22): 12752—-12761.

[45] HUANG Guitao, ZHANG Mingwei, ZHANG Shuai, et al.
Unveiling biotransformation of free flavonoids into phenolic acids
and Chromones alongside dynamic migration of bound Phenolics in
Lactobacillus-fermented lychee pulp[J]. Food Chemistry, 2024,
457:140115.


https://doi.org/10.1016/j.fbio.2024.104655
https://doi.org/10.1016/j.fbio.2024.104655
https://doi.org/10.1016/j.heliyon.2024.e27927
https://doi.org/10.1016/j.heliyon.2024.e27927
https://doi.org/10.1007/s13213-015-1056-7
https://doi.org/10.1016/j.lwt.2024.117048
https://doi.org/10.1016/j.foodchem.2024.139646
https://doi.org/10.16429/j.1009-7848.2024.09.029
https://doi.org/10.16429/j.1009-7848.2024.09.029
https://doi.org/10.16429/j.1009-7848.2024.09.029
https://doi.org/10.1016/j.chemosphere.2022.136694
https://doi.org/10.26599/FSHW.2022.9250193
https://doi.org/10.1021/acs.jafc.4c01393
https://doi.org/10.1021/acs.jafc.4c01393
https://doi.org/10.1016/j.foodchem.2024.140115

	1 材料与方法
	1.1 材料与仪器
	1.2 实验方法
	1.2.1 植物乳植杆菌培养
	1.2.2 浸渍液制备
	1.2.3 植物乳植杆菌杏脆制备工艺
	1.2.4 脆度、硬度测定
	1.2.5 色泽测定
	1.2.6 香气成分分析
	1.2.7 植物乳植杆菌杏脆活菌计数
	1.2.8 植物乳植杆菌杏脆消化稳定性
	1.2.9 微观结构变化
	1.2.10 浸渍工艺优化
	1.2.10.1 单因素实验
	1.2.10.2 正交试验

	1.2.11 感官评价
	1.2.12 植物乳植杆菌杏脆营养变化
	1.2.12.1 总糖含量
	1.2.12.2 总酸含量
	1.2.12.3 总酚含量


	1.3 数据处理

	2 结果与分析
	2.1 植物乳植杆菌杏脆质构特性分析
	2.2 植物乳植杆菌杏脆产品色泽特征分析
	2.3 植物乳植杆菌杏脆产品风味物质分析
	2.4 植物乳植杆菌杏脆的植物乳植杆菌存活率及消化稳定性
	2.5 植物乳植杆菌杏脆样品微观结构分析
	2.6 植物乳植杆菌杏脆超声浸渍条件优化
	2.6.1 植物乳植杆菌杏脆超声浸渍单因素实验
	2.6.2 植物乳植杆菌杏脆样品超声浸渍正交试验
	2.6.3 植物乳植杆菌杏脆营养变化


	3 结论
	参考文献

