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Effects of Lactic Acid Bacteria Fermentation on Calcium Release and
Metabolites in Chicken Bone Paste

WANG Ming, XIA Qiang, SUN Yangying, HE Jun, PAN Daodong, CAO Jinxuan', ZHOU Changyu

(College of Food and Pharmaceutical Sciences, Ningbo University, Key Laboratory of Animal Products Food Deep
Processing Technology of Zhejiang Province, Ningbo 315211, China)

Abstract: The effects of Lactobacillus acidophilus CICC6074 (LA), Limosilactobacillus reuteri WQ-Y1 (LR) and Lacti-
plantibacillus plantarum A3 (LP) on calcium release and metabolite composition during the fermentation of chicken bone
paste were studied using chicken bone as raw materials. The growth characteristics of lactic acid bacteria (LAB) strains, pH
changes, total acidity variations, calcium distribution and calcium-to-phosphorus ratio, composition and content of metab-
olites were investigated to reveal the effect of the growth of LAB on calcium release during the fermentation of chicken
bone paste. Principal component analysis (PCA), correlation analysis, and KEGG metabolic pathway analysis were further
employed to identify the key metabolic pathways during the fermentation of chicken bone paste. The results showed that,
LA, LR and LP strains were able to effectively utilize chicken bone paste for growth and proliferation, and the maximum

viable cell count was observed at 30 h during the fermentation processing. The total acidity contents of LA, LP and LR
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groups were 5.60, 3.76, and 3.75 g/L respectively, significantly higher total acidity content was shown in LA group

compared to other treatment groups (P<0.05). Calcium release analysis revealed that the total calcium content increased
from 181.33 mg/kg of control group to 1176.67 mg/kg of LR, 1310.00 mg/kg of LP, and 1916.67 mg/kg of LA,
respectively. The free calcium content of LA, LP and LR groups was 40.60, 50.19, and 74.62 fold-time higher than that of
control group, and the free calcium content of LA group was significantly higher compared to LP and LR groups (P<0.05).

X-ray diffraction and infrared spectroscopy results indicated that hydroxyapatite of bone paste mainly existed in an

amorphous form. The intensity of characteristic peaks of hydroxyapatite at 2926 and 1050 cm™' significantly decreased

among LR, LP and LA groups compared to control group. LC-MS/MS analysis demonstrated that 37 metabolites were

identified in the fermented bone paste. Principal Component Analysis (PCA) and correlation analysis revealed that lactic

acid, pyruvate, sucrose, L-serine, and 5'-CMP were the key metabolites of fermented bone paste. KEGG metabolic pathway

analysis indicated that pyrimidine metabolism, arginine and proline metabolism, glycolysis, pyruvate metabolism, taurine

and hypotaurine metabolism, and tricarboxylic acid (TCA) cycle were the main metabolic pathways associated with lactic

acid bacteria growth and calcium release during the fermentation of bone paste.

Key words: chicken bone paste; lactic acid bacteria; calcium release; metabolomics; metabolites
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O A IR R LR T R AR 2 S B T i s
TR I BGREEAS2 00, I B R RS R RAR L m] LA
(5 S0 N2 e VNS0 [ | S B B RPANE % N S LS L R i
S5 | A ZLAT B 2 T~ W 2 R4S 5 - I R i
LB YU R R AR AR S ARG, B AN
FIFHZLRR T & 5% B W 2 38 T T 328 HAP TiiEEs
FERSI . X E T BT SRS e TR ARSI
RS EEAR, BAE &SR EFE! . SRS HTFIE T,

LR B A B XS VR RS S A A LB 1) AR T 5T
ik, ASHF IR £ T FLIR BA 5 X B e 1 & BEAA
2, ST R B Y T ES B S RS AT L AR
W2 B P B B AR A, JEIT 250G AT KEGG
ST FLIR R CUE B, SRR VR R BT RE LR
B A T S S R i DGR AR
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Fig.2 Calcium distribution (A), calcium morphology (B) and
calcium-phosphorus ratio (C) of fermented bone paste
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Fig.4 Principle component analysis (A) and cluster analysis (B) of metabolites of fermented bone paste
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FLUPR B A FHRERE AIA B S e 5, 8 DR e i AL ELIR

PN R PR AL A A Qg AR 7 A PN B R AN F LR S5 A 1L A HLER XS S B-#% v HAP 53 fi Ll 3= 224
W2, REVFAFEDY TR UL A LR B ml 3 o S 75 5. SRS TR R (FRA ) s O il s sfive Gl Ay
FURR A R AL U FLIR . XIAER? e M AR PR S AT S A5, DT Tl < AU ) 2% AR
WA RO s At L AR R P LR o Y, NERRRAE S LR R A o, n e b e A
1, FUIREE AT LORPEIS ) o 2 e Wi fip A DN B R i A 12 M TCA JE3 22 FLIR It S B (LDH) 5446 0 FLI




<74 - £ Tl B4

2024 4 3 A

TR ST AT, ZLIR PRI AL 2L AN DN BRI 5 6 B
BN R 52 EAHDS, DA PLIR W] Re 2 dS & 7
i S . HoP =4 LR R AR R L
BR o ke W ARAE, LP. LA A1 LR 4P iyl mg &
B0 CK 4HH A 16.18. 45.27. 16.50 3%, BiRHFL
PR 2 R W 45 B T R I R . E 5
SO R LR TR A TR s B 5 A B0, 355 A TR P LR
TR SRS IEAHDC . RBUEAEC R T LA
PE CICC20296 PRk = AL i ZLIR nl{H B e Ca®' i
FEr 0.10 mg/g BEHINZE 10.12 mg/g. X ULHHFLERETE
RIS Bt R b, JE SBHIR AR . TCA &Fisfay B30
1R, A EE v HAP S Bei i i 8545

AZ WY B AN R T A A W A0 M A
WA EE, AT A TR T,
an 5'-CMP., dTMP A E 258 i 2 5 me g Cigd
MR AR S2 1 DNA Fl RNA 1945 B0, &kt
PRANAE M B A BT LA, mT AR LR B 2B iy
WSl Wnl AT B AR FLIR . FLIR A v R R AL
Tt . R WP 22 22 FR AU R S 5% AL TR R R, P
iR 4% 17 2E A TCA 1F 25 7= A= 2L IR, e #F 45 A9 B
TR B, Y AN S RS ) BT L4
FFRARIE B AE K Ea R, ] DU VIR r=A:
PRI, 25 L, —ARPLIRPRE S IR R A R
i K T Ve HR RO MBS, JTaE Gt TCA TEER =4 A HL
fig, PN HE T3 B PR R Th i S A5 00 & & . X 7] B2
LA ZHIFESES A LR & s 2R A,
3 #ig

FEFRZLAF I . B QLT A AAE 2 ZLAF B 2 R
BT R B Ue A T A K B I A R RIS
BT, RIEFEETRET, RETRZLAT IRUR IR L ) BN iR & i I 2
=T HA AR (P<0.05) . SXTRELHAR L, 220 GEL
FFUR & BRLH | AR ZLAT PR & B 2 g TR LA 1A & 17
ZH S B w4y ) AT BB ZH 1 181.33 mg/kg BN E
1176.67. 1310.00 F1 1916.67 mg/kg; I 5545 & &4
FESTFRZH Y 40.60 1%, 50.19 150 74.62 1%, HIEM:
FLFF P & B U S £S5 i 2 S T PR ICELA
T LT 3 & L (P<0.05), X FE WHFLIR B & 1%
XN T BV ESERGI . LIANMEIE N X AT AR
T, KEEEVeTh HAP EEIICERIESELE, 5
X} HRLHAH LE, 2 QLT IR R A . AR 2T e &
P 2H FN g R FLFT TR & 19 ZH v HAP 19 REAIE 05 7E
2926 F1 1050 cm™" AZb[5E B AL, SLFLIRHE A
B, e e gz i 37 A, ZLER . TNERRR |
TEAH AR IO . eI RS R A 2
(LR RN S AN L A IR S 1§ AR i
TCA JEI 252 FLIR b A KA S S8R ¢
BHLE S . AN SCERTE T LR TR K I R M) 15 R T3 1) DXt
USRS, IR HAEY R R 2 A MSFRIE— a5
PRI

S ik

(1] *EBRER. FEARERE 2021 £ B REZF AL
%%t AR [EB/OL]. (2022—02-28) [2022—-02—-28]. http://www.
stats.gov.cn/xxgk/sjtb/zx{b2020/202202/t20220228_1827971.html.

[ China National Bureau of Statistics. Statistical Bulletin of the
People's Republic of China on National Economic and Social Devel-
opment 2021 [EB/OL]. (2022-02-28) [2022—02—-28]. http://www.
stats.gov.cn/xxgk/sjfb/zxfb2020/202202/t20220228 1827971.html. ]
[2] B3, Wik, BRI, F. 24 &R & 74555 & B ot I
H ey Hom (], B RS SR, 2022, 22(5): 180-188. [ ZHAIL,
YANG J C, CHEN K, et al. Effect of tuna nanoscale fish bone calci-
um on gelation characteristic of surimi products[J]. Journal of Chi-
nese Institute of Food Science and Technology, 2022, 22(5): 180—
188. ]
[3] %% FH TS Haifen LXH RS E&-PER
A A B R S e TP IR AR REAT SR & 0a [J]. A EATR, 2018,
32(4):15-18,12—14. [ LI W J. Key technology and equipment for
high-value processing of livestock and poultry bone byproducts-In-
terview with researcher Chunhui Zhang, institute of agricultural
product processing, chinese academy of agricultural sciences (CAAS)
[J]. Meat Research, 2018, 32(4): 15-18,12—14. ]
[4] We2A, Zihaik, 54, . FE&FTEQRAALA A 57
RIKE B AR 5 . HH 5, 2021,35(17): 17136
17142. [ YAO Y M, YUAN X R, HAN L J, et al. Progress and
prospect of materializing utilization in bone waste protein fromanimal
by-products [J]. Materials Reports, 2021, 35(17): 17136—17142. ]
[5] Zakde, HER, 7 B3E F HFRIBERA L] £
e 5 K BTk, 2013,39(3): 94-97. [QINBY, ZHU G B, FANG
H Y, et al. Study on the functional double bacterium fermentation
pork bone pastes[J]. Food and Fermentation Industries, 2013, 39(3):
94-97. ]
(6] %18, HIR5. BAMERBGR P TE®SHHTI]. T
K FFAR(FE TR),2013,26(2): 17-21. [ LIU Z X, WENG P
F. Extraction of soluble calcium from bovine bone by acidolysis [J].
Journal of Ningbo University (Natural Science & Engineering Edi-
tion), 2013,26(2): 17-21. ]
(7] BFF. FH8ARGIRELBHHMITID]. KR LB RL
X #,2017. [ PANG F P. Fermentation of sheep bone hydrolysate
with lactic acid bacteria[D]. Taiyuan: Shanxi Agricultural Universi-
ty, 2017. ]
(8] EZ, Rohik, e 548 T 92 AB A B AL Z 644
A AR R AT R )], P B R, 2022, 58(9): 1-8.
[ YAN L, ZHU S D, FAN X X, et al. The latest research progress
of lon doped hydroxyapatite and ltscomposites in the field of bone
repair[J]. China Ceramics, 2022, 58(9): 1-8. |
(9] $hiisk, ¥-F, &3k, F. 35 05RO LA 0 L5
[J]. £ 4 425 4R, 2018, 34(6): 945-955. [ HANK G, PANG F
P, CAO J, et al. Fermentation of sheep bone enzymatic hydrolysates
by lactobacillus plantarum[J]. Chinese Journal of Biotechnology,
2018, 34(6): 945-955. |
[10] BF, &%, il & SLBR A SRS e AR
4 M wg % ove [J]. R b T2 & 3R, 2002, 18(2): 118-122.
[ TANG Y, LI H ], SUI D H, et al. Effect of fermentation by lacto-
bacillus on nutrition and physiochemical property of super-micros-
mashing hog-bonepowder[J]. Transactions of the Chinese Society
of Agricultural Engineering, 2002, 18(2): 118—122. ]
[11] F4&, X, SRR B F iR MR REI]. Bk
I k,2010(11): 54-57. [LIR, WANG H Y, SHANG Y B, et al.



5458 ol OB, A IR ARG B SR A I B 75 -

Research progress on comprehensive utilization of chicken bones
[J]. Meat Industry, 2010(11): 54—57. ]

[12] ZUOY, XIE H, L1, et al. Study of fermentation conditions
for bone meal with the lactobacillus [C]. 2012 International Con fer-
ence on Biomedical Engineering and Biotechnology, 2012: 539-542.
[13] XU A H, XIAO Y W, HE Z W, et al. Use of non-saccha-
romyces yeast co-fermentation with saccharomyces cerevisiae to im-
prove the polyphenol and volatile aroma compound contents in nan-
feng tangerine wines [J]. Journal of Fungi, 2022, 8(2): 128.

[14] Z 248, ¥ Ah, %30, 5. 8 A E Pt AK45 K R 69 AMS 2 2T
7 [J]. b T T K FIR,2022,42(1):105-110. [LIY J, XI-
AO N, LIU S, et al. Effect of enzymatic hydrolyzed bone powder on
calcium supplement for low calcium rats[J]. Transactions of Bei-
jing Institute of Technology, 2022, 42(1): 105-110. ]

[15] SONG M Y, DANG L P, WEI H Y. Evaluation of calcium
binding capacity of chelating agents in calcium carbonate suspen-
sion and effects on calcium distribution of calcium chelating
agents[J]. Australian Journal of Chemistry, 2021, 74(7): 557-563.

[ 16 ] GUAN H, SHUAI Y, RAN Q F, et al. The microbiome and
metabolome of Napier grass silages prepared with screened lactic
acid bacteria during ensiling and aerobic exposure[J]. Animal Feed
Science and Technology, 2020, 269: 114673.

[17] QIN X J, SHEN Q S, GUO Y ], et al. An advanced strategy
for efficient recycling of bovine bone: Preparing high-valued bone
powder via instant catapult steam-explosion[J]. Food Chemistry,
2022,374:131614.

[ 18] ROOJ A K, KIMURA Y, BUDDINGTON R K. Metabolites
produced by probiotic Lactobacilli rapidly increase glucose uptake
by Caco-2 cells[J]. BMC Microbiol, 2010, 10(1): 16.

[19] WIDYASTUTI Y, FEBRISIANTOSA A. The role of lactic
acid bacteria in milk fermentation[J]. Food and Nutrition Sciences,
2014, 5: 435-442.

[20] LIJL, YINT, XIONG S B, et al. Mechanism on releasing
and solubilizing of fish bone calcium during nano-milling [J]. Jour-
nal of Food Process Engineering, 2020, 43(4).

[21] Blstik. SLBRA R BE AR R A DB RE REE A5k
#rs [D]. £ k. @ d X ¥, 2008. [ LIAO H B. Study on the bio-
characteristics of micro-smashed meat and bone meal fermented by
Lactobacillus and its function of improving bone density[D].
Chongqing: Southwest University, 2008. |

[22] VENKATESAN J, LOWE B, MANIVASAGAN P, et al. Iso-
lation and characterization of nano-hydroxyapatite from salmon fish
bone[J]. Materials (Basel), 2015, 8(8): 5426—5439.

[23] CAO C, WANG H, ZHANG J, et al. Effects of extraction
methods on the characteristics, physicochemical properties and sen-
sory quality of collagen from spent-hens bones[J]. Foods, 2023, 12
(1):202.

[24 ] PANDA N N, PRAMANIK K, SUKLA L B. Extraction and
characterization of biocompatible hydroxyapatite from fresh water
fish scales for tissue engineering scaffold[J]. Bioprocess Biosyst
Eng, 2014, 37(3): 433—440.

[25] GULER G, VOROB'EV M M, VOGEL V, et al. Proteolyti-
cally-induced changes of secondary structural protein conformation
of bovine serum albumin monitored by Fourier transform infrared

(FT-IR) and UV-circular dichroism spectroscopy [J]. Spectrochimi-
ca Acta Part A:Molecular and Biomolecular Spectroscopy, 2016,
161: 8—18.

[26] #bl%, %A%, TiRE. RE T LA 5B o gk
B BT A0 BB A [T]. M A A F 5 T A2 aR, 2021, 39(4):
659-665,685. [ HUJ T, HUANG Y X, WANG D Q, et al. Theoret-
ical study of Pb*" adsorption properties of adsorbent calcined from
bovine bone powder [J]. Journal of Materials Science and Engineer-
ing, 2021, 39(4): 659-665,685. ]

[27] MANALU J, SOEGIJONO B, INDRANI D J. Characteriza-
tion of hydroxyapatite derived from bovine bone[J]. Asian Journal
of Applied Sciences, 2015, 3(4): 758—765.

[28 ] SHARMA P, TRIVEDI A, BEGAM H. Synthesis and char-
acterization of pure and titania doped hydroxyapatite[J]. Materials
Today: Proceedings, 2019, 16: 302—307.

[29] R, 9K, SUBR I A8 5 M 78 S AR At ik R (D],
I AR5 E e F & &, 2020, 7(4): 396-401. [ ZHOU W L,
MIAO M Y. Research progress on lactatedehydrogenase and im-
munometabolism in cancer[J]. Electronic Journal of Metabolism
and Nutrition of Cancer, 2020, 7(4): 396—401. ]

[30] AFwesr, im 3 F, iR, 5. A DA A AHE L B L-SLER K
Wik ze B R (7], &% T kA 2009, 30(8): 359-362. [ FU X
F, JIANG J P, ZHANG J, et al. Study on metabolic pathway of L-
lactic acid fermentationfrom xylose by microorganism[J]. Science
and Technology of Food Industry, 2009, 30(8): 359-362. ]

[31] feif, B« ok, F. HRABEER S MAEN BRI
W], &S A5, 2015,36(3): 158—161. [ XIONG T, PENG F, LI
X, et al. Changes and metabolic characteristics of main microorgan-
isms during chinese sauerkraut fermentation [J]. Food Science, 2015,
36(3): 158-161. ]

[32] %I & ARMEL SR WS T EARAHE ], + Bk, 2020,
39(10): 188—192. [ LIU Y. Optimization of fermentation process
of low sugar compound fermented milk[J]. China Brewing, 2020,
39(10): 188-192. ]

[33] SONGOR, LEE S J, LEE Y S, et al. Solubilization of insol-
uble inorganic phosphate by Burkholderia cepacia DA23 isolated
from cultivated soil [J]. Braz J Microbiol, 2008, 39(1): 151—156.
[34] WANG D, XIE Y, JAISI D P, et al. Effects of low-molecu-
lar-weight organic acids on the dissolution of hydroxyapatite nano-
particles[J]. Environmental Science: Nano, 2016, 3(4): 768—779.
[35] FRARSE, A, AEA B, 5. SUBR A K Bk ok 2 7= 34528 B ikag
AR ] ERS SR, 2011,11(2): 104-109. [ CHEN L
H, YANG Y, REN F Z, et al. Study on lactic acid bacteria fermenta-
tion technology for the producing of high calcium lon content chick-
en bone paste[J]. Journal of Chinese Institute of Food Science and
Technology, 2011, 11(2): 104-109. ]

[36] KILSTRUP M, HAMMER K, RUHDAL JENSEN P, et al.
Nucleotide metabolism and its control in lactic acid bacterial[J].
FEMS Microbiology Reviews, 2005, 29(3): 555-590.

[37]) EmZ, xMhff, HAR, 5 RSP R R B ik 209 H)
#J. PR AH AL E,2017,37(6): 56-62. [JU X Z, YUAN
Q Q, MA C L, et al. In vitro construction of the threonine cycle path-
way for carbon fixation[J]. China Biotechnology, 2017, 37(6): 56—
62. ]


https://doi.org/10.1071/CH20376
https://doi.org/10.1186/1471-2180-10-1
https://doi.org/10.4236/fns.2014.54051
https://doi.org/10.3390/ma8085253
https://doi.org/10.3390/ma8085253
https://doi.org/10.3390/ma8085253
https://doi.org/10.3390/ma8085253
https://doi.org/10.3390/ma8085253
https://doi.org/10.3390/foods12010202
https://doi.org/10.1007/s00449-013-1009-0
https://doi.org/10.1007/s00449-013-1009-0
https://doi.org/10.1016/j.saa.2016.02.013
https://doi.org/10.1016/j.saa.2016.02.013
https://doi.org/10.1016/j.matpr.2019.05.094
https://doi.org/10.1016/j.matpr.2019.05.094
https://doi.org/10.1590/S1517-83822008000100030
https://doi.org/10.1039/C6EN00085A
https://doi.org/10.1016/j.fmrre.2005.04.006

	1 材料和方法
	1.1 材料与仪器
	1.2 实验方法
	1.2.1 鸡骨粉的制备
	1.2.2 发酵鸡骨泥及冻干样品的制备
	1.2.3 生长曲线的测定
	1.2.4 乳酸菌发酵骨泥液pH和总酸度的测定
	1.2.5 钙的分布和含量的测定
	1.2.6 发酵骨泥的能量色散光谱（Energy Dispersive Spectroscopy，EDS）表征
	1.2.7 发酵骨泥的傅里叶变换红外光谱（Fourier Transform infrared spectroscopy，FT-IR）表征
	1.2.8 发酵骨泥的X-射线衍射（X-ray diffractometer，XRD）表征
	1.2.9 发酵骨泥产物质谱分析

	1.3 数据处理

	2 结果与分析
	2.1 骨泥中菌落生长曲线、pH及总酸变化
	2.2 骨泥液中钙分布、钙形态以及钙磷比分析
	2.3 傅里叶红外光谱与X射线衍射图谱分析
	2.4 主成分分析（PCA）、聚类热图分析以及代谢通路分析

	3 结论
	参考文献

