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Fig.2 Substances that can be defined as prebiotics
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Tab.1 Application examples of prebiotics in food

#itETT T h HRRIIEL 253k
Bk ARRANE MR AR I A TR A 3 A TOH R N Y SCFAs W/ I ; 035 il 7 I 2 BiE [35]
R FLBE AR A5 R SR A0 wATTHE R [36]
SR aATTRlA e I R R BE ; SRR [37]
IR2R - FLHE SR M 2449 A IR S ST R R I T, G T AR EE R [39]
Bk R ENE AR R AE TR Y PEFE 17 b B RE RS I L A RS E [40]
SR AN T T 2 YL 258 32 FIVBSE JRE A AT BT R 5 AT 17 1 i o IR [42]
Bk ARRAE R LA T PRASETE A A0 1) B9 1 il v 5 25 TR AT [43]
TR AN iy B AR A RSCR R A, S [44]
PUPERER g2 P ity BOMV R AR | AR A T 1 (TR EE [45]
IR 7Lk [ge SN s O OUSTAT AN FLRRFT B AR, (2 TRGER RO S iksgim - [47]
BT 7 AFLAC SR MIESEAE AT JE 4 g BEui I AL I DUTH AL RE T, 2 T A [48]

5 B B

Bifi 7 25 A TOME S R T 58 3%, TR 5 2R T
YN R BR T KA A 0 25, il 2 Bk i 2 1
T im AL T RE A B 4 Y 5 A o N . R BE, A
IAE 2R R R e R P R RE 5 A2 T T
REAIGHR o0 2 2B TC IR A 7 A 491 4 388 Ao IS 5 440 i 1)
i B A AR 1R A S SR W T AR RS s R T v
A2 -FL B =i SR, 25 A2 JC I TR B
N AT AFAE — S (] B AR ff e, AN TR IR AR
AR B 38 A RS R Y, 5 a4 LR A R Y
FRIE SRR A ,3 B TRE B AN I IE #
PRI RAR TR MR, e 1) B J 1 20Uk A
LT R A F AR, PR R R SSA 1 25 S R
BRI g5 Az TCAEAS R A R F A O A0 22 55, AT

PELEAN TR AR AL o ANART B R AN TR A FE B4 A HEOIR
A e I P A5 2R 0, A 2 R R i A U HE AL R Y
PSS  E E VI ET R ER 1SS A D et/ Rl
H, ELAE BRME LS AL R G R 4 SC LA SCE RE M BUR
IHABE G, X g 22 JCHEAT R R 2 A 1 A Ak i
Wi, S v AR B A s RE PR R 0 i
K8 5 LE T K 1) — A D5 1), B2, % 4R AR oT )
AL AR T oy SR AR B AL 224 03 IR
AL 575 1T A PR AT, K 52 B i A2 TG 7 {2
HA ERPR TR AL RE AR A BT H A, A BB
AL B RIRR A RS

S 3k

[1] GIBSON G R, ROBERFROID M B. Dietary modulation

of the human colonic microbiota: introducing the concept



16 BB R R 2024 43 H
of prebiotics [ J]. The Journal of Nutrition, 1995, NUMA T A, et al. Prebiotics: trends in food, health and
125(6) ; 1401 - 1412. technological applications[ J]. Trends in Food Science

[2] GIBSON G R, PROBERT HM, LOO J V, et al. Dietary and Technology, 2019, 93, 23 -35.
modulation of the human colonic microbiota; updating the [14] GLIBOWSKI P, SKRZYPEK M, CWIKLINSKA M,
concept of prebiotics [ J]. Nutrition Research Reviews, et al. Chemical stability of fructans in apple beverages
2004, 17(2) : 259 -275. and their influence on chronic constipation[ J]. Food &
[3] PINEIRO M, ASP N G, REID G, et al. FAO Technical Function, 2020, 11(5) : 3860 —3866.
meeting on prebiotics[ J]. Journal of Clinical Gastroentero- [15] DEY K, SHETH M, ANAND S, et al. Daily consump-
logy, 2008, 42(s3): 156 - 159. tion of galactooligosaccharide gummies ameliorates con-
[4] GIBSON G R, SCOTT K P, RASTALL R A, et al. Die- stipation symptoms, gut dysbiosis, degree of depression
tary prebiotics: current status and new definition [ J]. and quality of life among sedentary university teaching
Food Science & Technology Bulletin; Functional Foods, staff: a double-blind randomized placebo control clinical
2010, 7(1): 1 -19. trial [ J]. Indian Journal of Gastroenterology: Official
[5] BINDELS L B, DELZENNE N M, CANI P D, et al. To- Journal of the Indian Society of Gastroenterology, 2023,
wards a more comprehensive concept for prebiotics[ J]. 42(6) . 839 —848.
Nature Reviews Gastroenterology & Hepatology, 2015, [16] NICOLUCCI A C, HUME M P, MARTINEZ 1, et al.
12(5) : 303 -310. Prebiotics reduce body fat and alter intestinal microbiota
[6] GIBSON G R, HUTKINS R, SANDERS M E, et al. Ex- in children who are overweight or with obesity[ J]. Gas-
pert consensus document: the International Scientific As- troenterology, 2017, 153(3) . 711 -722.
sociation for Probiotics and Prebiotics (ISAPP) consensus [17] GARGARI B P, NAMAZI N, KHALILI M, et al. Is
statement on the definition and scope of prebiotics [ J]. there any place for resistant starch, as alimentary
Nature Reviews Gastroenterology & Hepatology, 2017, prebiotic, for patients with type 2 diabetes? [ J].
14(8) : 491 -502. Complementary Therapies in Medicine, 2015, 23 (6) .
[7] FERREIRA V C, BARROSO TL C T, CASTRO LE N, 810 -815.
et al. An overview of prebiotics and their applications in [18] KEENAN M J, MARTIN R J, RAGGIO A M, et al.
the food industry[ J]. European Food Research and Tech- High-amylose resistant starch increases hormones and
nology, 2023, 249(11) . 2957 —2976. improves structure and function of the gastrointestinal
[8] CARDOSO B B, AMORIM C, SILVERIO S C, et al. tract; a microarray study[ J]. Journal of Nutrigenetics
Novel and emerging prebiotics: advances and opportuni- and Nutrigenomics, 2012, 5(1); 26 —-44.
ties[ M] /FIDEL T. Advances in Food and Nutrition Re- [19] FROST G, SLEETH M L, SAHURI-ARISOYLU M,
search. Amsterdam: Elsevier, 2021 41 -95. et al. The short-chain fatty acid acetate reduces appetite
[9] SCOTT K P, GRIMALDI R, CUNNINGHAM M, et al. via a central homeostatic mechanism[ J]. Nature Com-
Developments in understanding and applying prebiotics in munications, 2014, 5. 3611.
research and practice; an ISAPP conference paper[]J]. [20] GEHF, LI XF, WEISZMANN J, et al. Activation of
Journal of Applied Microbiology, 2020, 128(4) . 934 - G protein-coupled receptor 43 in adipocytes leads to in-
949. hibition of lipolysis and suppression of plasma free fatty
[10] CUNNINGHAM M, AZCARATE-PERIL M A, BAR- acids[ J ]. Endocrinology, 2008, 149 (9). 4519 -
NARD A, et al. Shaping the future of probiotics and 4526.
prebiotics[ J]. Trends in Microbiology, 2021, 29(8) : [21] BROOKS L, VIARDOT A, TSAKMAKI A, et al. Fer-
667 —685. mentable carbohydrate stimulates FFAR2-dependent
[11] DAVANI-DAVARI D, NEGAHDARIPOUR M, KA- colonic PYY cell expansion to increase satiety [ J].
RIMZADEH 1, et al. Prebiotics: definition, types, Molecular Metabolism, 2017, 6(1) : 48 —60.
sources, mechanisms, and clinical applications [ J]. [22] CHAMBERS E S, MORRISON D J, FROST G. Control
Foods, 2019, 8(3) : 92. of appetite and energy intake by SCFA : what are the po-
[12] BYCH K, MIKS M H, JOHANSON T, et al. Produc- tential underlying mechanisms? [J]. The Proceedings
tion of HMOs using microbial hosts: from cell engineer- of the Nutrition Society, 2015, 74(3) . 328 -336.
ing to large scale production[J]. Current Opinion in [23] CHEN X, ZHANG Z, HU Y, et al. Lactulose suppres-
Biotechnology, 2019, 56. 130 - 137. ses osteoclastogenesis and ameliorates estrogen deficiency-
[13] DE PAULO FARIAS D, DE ARAUJO F F, NERI- induced bone loss in mice [ J]. Aging and Disease,



g

Fa k2 BEIEAS B 45 AR T BT A R0 R RS0t 17

i

[24]

[25]

[26]

[27]

(28]

[29]

[30]

[31]

[32]

[33]

[34]

2020, 11(3): 629 - 641.

TERAMOTO F, ROKUTAN K, SUGANO Y, et al.
Long-term administration of 4G-beta-D-galactosylsucrose
(lactosucrose ) enhances intestinal calcium absorption in
young women: a randomized, placebo-controlled 96-wk
study[ J]. Journal of Nutritional Science and Vitamino-
logy, 2006, 52(5) : 337 -346.

WHISNER C M, MARTIN B R, SCHOTERMAN M H
C, et al. Galacto-oligosaccharides increase calcium ab-
sorption and gut bifidobacteria in young girls: a double-
blind cross-over trial[ J]. The British Journal of Nutri-
tion, 2013, 110(7): 1292 - 1303.

GULTEMIRIAN M L, IGLESIAS B F, CHAIA A P,
et al. Cane molasses and oligofructose in the diet of lay-
ing hens improves the mineral content of eggs and meat
[J].
100244.
ROTH J A, FRANKEL W L, ZHANG W, et al. Pectin
improves colonic function in rat short bowel syndrome
[J]. The Journal of Surgical Research, 1995, 58(2) :
240 - 246.

GOSS S L, LEMONS K A, KERSTETTER J E, et al.

Determination of calcium salt solubility with changes in

Veterinary and Animal Science, 2022, 16;

pH and P, , simulating varying gastrointestinal environ-
ments[ J]. The Journal of Pharmacy and Pharmacology,
2007, 59(11) ; 1485 - 1492.

KUMAR H, SALMINEN S, VERHAGEN H, et al. No-
vel probiotics and prebiotics: road to the market [ J].
Current Opinion in Biotechnology, 2015, 32. 99 —103.
KHANGWAL 1, SHUKLA P. Prospecting prebiotics,
innovative evaluation methods, and their health applica-
tions: a review| J|. 3 Biotech, 2019, 9(5) . 187.

DE WIELE T V, BOON N, POSSEMIERS S, et al.
Prebiotic effects of chicory inulin in the simulator of the
human intestinal microbial ecosystem[ J]. FEMS Micro-
biology Ecology, 2004, 51(1) . 143 —153.

GUARINO M P L, ALTOMARE A, EMERENZIANT S,
et al. Mechanisms of action of prebiotics and their
effects on gastro-intestinal disorders in adults[ J]. Nutri-
ents, 2020, 12(4) . 1037.

VULEVIC J, JURIC A, WALTON G E, et al. Influence
of galacto-oligosaccharide mixture (B-GOS) on gut mi-
crobiota, immune parameters and metabonomics in eld-
erly persons [ J]. The British Journal of Nutrition,
2015, 114(4) . 586 - 595.

R, B, REAL, . AT AL ST
JELT]. fahRk, 2018, 39(9) : 333 —340.
WUSH, WEI'Y A, WUJ Y, et al. Precision prebio-
tics; progress and trends [ J]. Food Science, 2018,

[35]

[36]

[37]

[38]

[39]

[40]

[41]

[42]

[43]

[44]

[45]

39(9) : 333 -340.

LECERF J M, DEPEINT F, CLERC E, et al. Xylo-oli-
gosaccharide ( XOS) in combination with inulin modu-
lates both the intestinal environment and immune status
in healthy subjects, while XOS alone only shows prebio-
tic properties [ J]. British Journal of Nutrition, 2012,
108(10) ; 1847 —1858.

ZHANG L F, XIAO H, ZHAO L, et al. Comparison of
the effects of prebiotics and synbiotics supplementation
on the immune function of male university football play-
ers[ J]. Nutrients, 2023, 15(5) : 1158.
MUNOZ-LABRADOR A, KOLIDA S, RASTALL R A,
et al. Prebiotic potential of new sweeteners based on the
simultaneous biosynthesis of galactooligosaccharides and
enzymatically modified steviol glycosides [ J ]. Food
Chemistry, 2024, 436. 137761.

COSTA M F, PIMENTEL T C, GUIMARAES J T,
et al. Impact of prebiotics on the rheological characteris-
tics and volatile compounds of Greek yogurt[ J]. LWT-
Food Science and Technology, 2019, 105, 371 -376.
LID D, LAI M X, WANG P J, et al. Effects of differ-
ent prebiotics on the gel properties of milk protein and
the structural features of yogurt [ J]. Gels, 2023,
9(11) .863.

COTA-LOPEZ R, VELAZQUEZ G, MENDEZ-MON-
TEALVO G, et al. Effect of adding high concentrations
of retrograded starch with different amylose content on
the physicochemical properties and sensory attributes of
Greek-style yogurt[ J]. International Journal of Biologi-
cal Macromolecules, 2023, 241 124501.

FERRAO L L, FERREIRA M V S, CAVALCANTI R N,
et al. The xylooligosaccharide addition and sodium re-
duction in requeijdo cremoso processed cheese[ J]. Food
Research International, 2018, 107 . 137 —147.
SPERANZA B, CAMPANIELLO D, MONACIS N,
et al.
Bifidobacterium animalis subsp. lactis DSM 10140 and
Lactobacillus reuteri DSM 20016 and prebiotics [ J ].
Food Microbiology, 2018, 72 16 —22.

JUHASZ R, PENKSZA P, SIPOS L. Effect of xylo-oli-

gosaccharides ( XOS) addition on technological and sen-

Functional cream cheese supplemented with

sory attributes of cookies[ J]. Food Science & Nutrition,
2020, 8(10) ; 5452 - 5460.

BARROS JHT, TELIS VR N, TABOGA S, et al. Re-
sistant starch: effect on rheology, quality, and staling
rate of white wheat bread[ J ]. Journal of Food Science
and Technology, 2018, 55(11) ; 4578 —4588.
MOHEBBI Z, HOMAYOUNI A, AZIZI M H, et al.

Effects of beta-glucan and resistant starch on wheat



18 BB AR 2024 4£3 A

dough and prebiotic bread properties [ J ]. Journal of et al. Effects of wheat bran extract rich in Arabinoxylan
Food Science and Technology, 2018, 55(1):. 101 - oligosaccharides and resistant starch on overnight glucose
110. tolerance and markers of gut fermentation in healthy
[46] COSTABILE A, WALTON G E, TZORTZIS G, et al. young adults[ J]. European Journal of Nutrition, 2016,
Development of a bread delivery vehicle for dietary pre- 55(4): 1661 —1670.
biotics to enhance food functionality targeted at those [48] LIML, LICC, HUM M, et al. Metaholic engineering
with metabolic syndrome [ J]. Gut Microbes, 2015, strategies of de novo pathway for enhancing 2'-fucosyllac-
6(5): 300 -309. tose synthesis in Escherichia coli[ J]. Microbial Biotech-
[47] BOLL E V, EKSTROM L. M N K, COURTIN C M, nology, 2022, 15(5) . 1561 —1573.

Research Progress on Development and Application
of Prebiotic in Foods

ZHAI Zhengyuan'”, BAI Xiaoyue', JING Yizhi®, ZHAO Liang', REN Fazheng®’, HAO Yanling®’"*
(1. College of Food Science and Nuiritional Engineering, China Agricultural University, Beijing 100083, China;
2. Department of Nutrition and Health , China Agricultural University, Beijing 100193, China;

3. Food Laboratory of Zhongyuan, Luohe 462300, China)

Abstract; The definition of prebiotics has been updated to “a substrate that is selectively utilized by host
microorganisms conferring a health benefit”. According to the latest definition, prebiotics have expanded
beyond carbohydrates to include substances such as conjugated linoleic acid, plant polyphenols and etc. .
The utilization of prebiotics were no longer limited to the gastrointestinal tract, and their applications were
not confined to food. This research focused on the various health-promoting effects of prebiotics,
including alleviating constipation, promoting bone health, easing obesity, inhibiting pathogenic bacteria,
reducing inflammation, and modulating the immune system. The mechanisms by which prebiotics
promoted host health were elaborated in depth. These mechanisms were primarily included two aspects.
First, prebiotics were directly or indirectly utilized by beneficial microbes of the host, thereby playing a
role in modulating the microbial community. Second, the metabolites produced by the microbial
metabolism of prebiotics were beneficial to the host’s health. In addition, certain oligosaccharides and
polysaccharides as prebiotics also had excellent processing characteristics, which positively affected the
texture and flavor of food products. Therefore, prebiotics were widely used in food products such as solid
beverages, candies, dairy products, and bakery products. However, there were still some issues that
urgently needed to be addressed in the efficacy evaluation and application of prebiotics. Among different
populations, the intestinal microbiota varied in different physiological states. Thus, differences in gut
microbiota inevitably led to differences in the utilization of the same prebiotics. Differences in the
structure of prebiotics, such as monosaccharide structure, degree of polymerization, branching, and
functional groups, could also affect their utilization by intestinal microorganisms. In summary, targeted
application of prebiotics for different population groups based on physiological status and optimization or

modification of prebiotics to specific structures would be the key to the precision application of prebiotics.
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