2021 4£7 H
55 42 558 14 1))
— 216

RaftASAR

gk

DOI:10.12161/j.issn.1005-6521.2021.14.033

Kyl T Zmnksiithe

HERE, B BER, fhog s
(LB ILRR2ER AR BE £ SR 5 TARR2ERE ) AR kil 52823152 ARAEE G R I T REBRBSR
Hul AR Bl 528231537 AR B A Tl L AR TARHORA S G AR Bl 528231 ;4.4 Ll iR
1 TRREORBEFE G, 2R Wl 528231 54 LA A= Pyl i TRRRARBESE Gy, AR Ml 528231)

B EKRFEA—FRRAETHS PR, LA K EME ARG, B AT Tk B &K 544
TE 45 AR RS By B RARAG 19 R K TR SRR R A ¥ 69 BRI, 5 B A K TR 4 SRR SEAL 7 7 & e R B R
I LR AR T A AL K SRR G4 R AT R AR AR A

KPR K T T AR AR RN s PRI S R & T

Advances in Stachyose Preparation Technology
HUANG Zhen—jin', LU Lei', HUANG Gui-dong'***,ZHONG Xian—feng'>*3"
(1. College of Food Science and Engineering, Foshan University, Foshan 528231, Guangdong, China;

2. Guangdong Engineering Research Center for Traditional Fermentational Food, Foshan 528231, Guangdong,
China;3. Guangdong Engineering Research Center for Safety Control of Food Circulation, Foshan 528231,
Guangdong, China;4. Foshan Engineering Research Center for Brewing Technology, Foshan 528231,
Guangdong, China;5. Foshan Engineering Research Center for Agricultural Biological Manufacturing,
Foshan 528231, Guangdong, China)

Abstract: Stachyose is a type of functional oligosaccharide that naturally exists in plants, may improve intesti—
nal flora composition. At present, the industrial stachyose preparation process faces problems of low purity,
high cost, and low efficiency. Based on the development of stachyose preparation methods. The advantages and

disadvantages of two aspects of existing preparation technologies (extraction and purification )were discussed to

provide a frame of reference for analyses of research related to improving industrial stachyose production.
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Fig.1 Molecular structure of stachyose
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Fig.2 Strutural relationships of the raffinose oligosaccharides
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Fig.3 Traditional preparation process of stachyose
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Table1 Comparison of various extraction methods
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Table 2 Comparison of various purification methods

XF He I H IBEsy ik FEZ ek & ik
AR — Bl LS
5 A THEERCRE O EMERIE R R A
NS
SRR BESZHUREET ANEHTRE  aish B S
P HATIE BRI b AT
RS BR
BAEXED) % B i £ {7 .
A i [ ik

4 EEMRE

K IPBE AR IR , AT LS A 20 e 9 3 4
PR TR PR A A B, IV TSR A TR A 2R o A
S FHRTEO AR TS 1), AR SCAR BT Z A4k
TEPITTH, 2538 T il & K TR BRI FEBUR . A
SV R MR UL, R R A H AT R 2 5F K
SRR ATV BOE A Tl A A, H PR T A AL
TR, B2 A K UL T A, AR
BE0Y pH (ARG AR 09 K T E , 38 % pH {ELAE 5.5~
7.0 HEIE s BER A REOL T HIEL A0 T R IEAL Tad
DEAWE o A, i ] LE b T8 i — 2 D 1 77 94 B
AR SRR A R R AR A KT

EUA ) R REEAT A 2R TR 2 WY B i, T AE S
Wk RS R 2RI . BORFRIE ALK IR 4l Ak
s, R T A K IR R Lk B [ PR, m]
AR AR AR HE A, EJR AR TE — R BR
Yo W BT AL ENTAAGTEAFTE AR A A R AL B
/N TR 25 AR B I R AR S A R T, S
7R AR (S i TR R LE , BN TE 45 R LA 4l Al K
SR R, ST — I R AR AR B S TR T
2, RIRE T T Tl AR At B A 7™, 2 /K F508 i T8
GBS BRSBTS R T 1T 1)

SE Wk

[1] TOSCANO M, DE GRANDI R, PASTORELLI L, et al. A consumer’s
guide for probiotics: 10 golden rules for a correct use[J]. Digestive
and Liver Disease, 2017, 49(11): 1177-1184.

[2] RS e AR 2. P R A SR AR T I R
Bz FFEIR2016 JR)[)]. P R EAS 24 R5,2016,28(6):621-631.
Microecology Branch of Chinese Preventive Medicine Association.
Consensus on Clinical Application of Digestive tract Microecological

regulators in China (2016 Edition)[]J]. Chinese Journal of Microeco—



2021 47 H
2 42 B4 1410

RaftnSAR

gk

— 222

logy, 2016, 28(6): 621-631.

3] HEEMBAROR g AR 2. 6 AR B AR 3R (2020

AERR)[J]. AR, 2020, 20(5): 303-307.
Probiotics Society of the Chinese Institute of Food Science and
Technology. Scientific consensus on probiotics (2020)[J]. Journal of
Chinese Institute of Food Science and Technology, 2020, 20 (5):
303-307.

[4] SCOTT K P, GRIMALDI R, CUNNINGHAM M, et al. Developments
in understanding and applying prebiotics in research and practice—
an ISAPP conference paper[J]. Journal of Applied Microbiology,
2020, 128(4): 934-949.

[S] HUNGIN A P S, MITCHELL C R, WHORWELL P, et al. Systematic
review: probiotics in the management of lower gastrointestinal
symptoms—an updated evidence—based international consensus[J].
Alimentary Pharmacology & Therapeutics, 2018, 47(8): 1054-1070.

[6] BAJURY D M, NASHRI S M, KING JIE HUNG P, et al. Evaluation
of potential prebiotics: a review[J]. Food Reviews International, 2018,
34(7): 639-664.

[71 GIBSON G R, ROBERFROID M B. Dietary modulation of the
human colonic microbiota: introducing the concept of prebiotics|J].
The Journal of Nutrition, 1995, 125(6): 1401-1412.

[8] LI CN, WANG X, LEI L, et al. Berberine combined with stachyose
induces better glycometabolism than berberine alone through
modulating gut microbiota and fecal metabolomics in diabetic mice
[J]. Phytotherapy Research, 2020, 34(5): 1166—1174.

[9] ZARTL B, SILBERBAUER K, LOEPPERT R, et al. Fermentation of
non—digestible raffinose family oligosaccharides and galactoman—
nans by probiotics[J]. Food & Function, 2018, 9(3): 1638-1646.

[10] LIU Y Y, LI T, ALIM A, et al. Regulatory effects of stachyose on
colonic and hepatic inflammation, gut microbiota dysbiosis, and pe—
ripheral CD4(+) T cell distribution abnormality in high—fat diet—fed
mice[J]. Journal of Agricultural and Food Chemistry, 2019, 67(42):
11665-11674.

[11] ZHONG X F, ZHANG Y B, HUANG G D, et al. Proteomic analysis
of stachyose contribution to the growth of Lactobacillus acidophilus
CICC22162[J]. Food & Function, 2018, 9(5): 2979-2988.

[12] BHATIA L, SHARMA A, BACHHETI R K, et al. Lignocellulose de—
rived functional oligosaccharides: production, properties, and health
benefits[J]. Preparative Biochemistry & Biotechnology, 2019, 49(8):
744-758.

[13] Zeai.C. DHREPEARRME—KIRHHLI]. H I B b S 56, 2004(4):
51-54.

LIANG Lixin. Functional oligosaccharide—stachyose[J]. China Food
Additives, 2004(4): 51-54.

[14] FRENCH D. The raffinose family of oligosaccharides[]J]. Advances
in Carbohydrate Chemistry, 1954, 9: 149-184.

[15] VAN DEN ENDE W. Multifunctional fructans and raffinose family
oligosaccharides[J]. Frontiers in Plant Science, 2013, 4: 247.

[16] BERFSE, RN, SN, 55 K IWE TR Y i 36 DR KA FH AL I

WS EARFHE, 2019, 44(4): 281-284.

HAN Shiwen, GAO Jiatao, SANG Ruojie, et al. The function and
mechanism of stachyose on intestinal tract[J]. Food Science and Te—
chnology, 2019, 44(4): 281-284.

[17] Sh3fe. Hoa KT AL T 2058 (D). P FH: PR TR
2£,2019.

MA Xuan. Study on extraction and purification process of stachyose
in Stachys sieboldii Mig[D]. Shenyang: Shenyang University of Che—
mical Technology, 2019.

[18] LIT, LU X S, YANG X B. Evaluation of clinical safety and benefi—
cial effects of stachyose —enriched a —galacto —oligosaccharides on
gut microbiota and bowel function in humans|J]. Food & Function,
2017, 8(1): 262-269.

[19] CHEN X F, LIAO D Q, QIN Z X, et al. Synergistic interactions of
catalpol and stachyose in STZ-HFD induced diabetic mice: Syner—
gism in regulation of blood glucose, lipids, and hepatic and renal
function[J]. Chinese Herbal Medicines, 2019, 11(1): 70-77.

[20] HE L W, ZHANG F, JIAN Z Y, et al. Stachyose modulates gut micro—
biota and alleviates dextran sulfate sodium—induced acute colitis in
mice[J]. Saudi Journal of Gastroenterology : Official Journal of the
Saudi Gastroenterology Association,2020,26(3):153-159.

[21] KENNEDY P J, MURPHY A B, CRYAN J F, et al. Microbiome in
brain function and mental health[]J]. Trends in Food Science & Te—
chnology, 2016, 57: 289-301.

[22] GIACOBBO A, BERNARDES A M, DE PINHO M N. Sequential
pressure —driven membrane operations to recover and fractionate
polyphenols and polysaccharides from second racking wine lees|]].
Separation and Purification Technology, 2017, 173: 49-54.

[23] =04, AR5E, sk B A I REVEMR SRR, SR 2R,
2017, 37(1): 1-6.

LI Bingxue, NIU Fei, ZHANG Ning. Enzymatic synthesis of func—
tional oligosaccharides[J]. Journal of Microbiology, 2017, 37(1): 1-
6.

[24] NAKATA H, SAKURAI H, NAGURA T, et al. Raffinose production
using a—galactosidase from Paraphacosphaeria sp[J]. Mycoscience,
2013, 54(4): 247-251.

[25] FANE, BEU, IS, 55, Hb B AN ) & 02 i OB 5 22 1R ).
R R 22, 2018, 43(8): 1563-1570.

WANG Donghui, LIAO Na, SUN Peng, et al. Changes of transport
sugar content in different organs of Rehmannia glutinosa[J]. China
Journal of Chinese Materia Medica, 2018, 43(8): 1563-1570.

[26] FE W, FEEE], T 77, 55, —Fh FFZ KSR BT il 46 7K O
W79 CN102229627A[P]. 201 1-11-02.

ZHENG Yunfeng, CHENG Jianming, DING Ning, et al. Method for
preparing stachyose by using water—extraction alcohol—precipitation
of Salvia miltiorrhiza: CN102229627A[P]. 2011-11-02.

[27] Wilie, Bhoche, BUEEAR, 55 MAOK IR ISR OIE)]. KO8
PIfFsE 5 %, 2011, 23(1): 123-130.

CHEN Yan, ZHONG Xianfeng, HUANG Guidong, et al. Extraction



TR

RaftASAR

2021 47 H
o 42 5 1410

223 —

conditions of stachyose from Stachys floridana shuttlw. ex Benth.[J].
Natural Product Research and Development, 2011, 23(1): 123-130.

[28] GERLIANI N, HAMMAMI R, AIDER M. Extraction of protein and
carbohydrates from soybean meal using acidic and alkaline solutions
produced by electro—activation[J]. Food Science & Nutrition,2020.,8
(2):1125-1138.

[29] A SR RS B HORTEAK SRR IR T B H . B Tl
2019, 40(10): 102-106.

ZHANG Min, SHI Baoli. Application of membrane separation tech—
nology on the extraction of stachyose[J]. The Food Industry, 2019,
40(10): 102-106.

[30] YIN J F, YANG G L, WANG S M, et al. Purification and determina—
tion of stachyose in Chinese artichoke(Stachys sieboldii Miq.) by high—
performance liquid chromatography with evaporative light scattering
detection[J]. Talanta, 2006, 70(1): 208-212.

[31] BEET. B AR & L 2 MBEFED]. Toh: VLRI, 2010.
YAO Hong. Stduy on the preparation technology of stachyose from
Stachys sieboldii Mig[D]. Wuxi: Jiangnan University, 2010.

[32] ZHONG X F, HUANG G D, CHEN Y, et al. Optimization of extract—
ing stachyose from Stachys floridana shuttlw. ex Benth. by response
surface methodology[J]. Journal of Food Science and Technology,
2013, 50(5): 942-949.

[33] CHEMAT F, ROMBAUT N, SICAIRE A G, et al. Ultrasound as—
sisted extraction of food and natural products. Mechanisms, tech -
niques, combinations, protocols and applications. A review[]]. Ultra—
sonics Sonochemistry, 2017, 34: 540-560.

[34] XIJ,SHEN D J. LL'Y, et al. Ultrahigh pressure extraction as a tool to
improve the antioxidant activities of green tea extracts[J]. Food Re—
search International, 2011, 44(9): 2783-2787.

[35] MITTAL R, TAVANANDI H A, MANTRI V A, et al. Ultrasound as—
sisted methods for enhanced extraction of phycobiliproteins from
marine macro—algae, Gelidium pusillum (Rhodophyta)[J]. Ultrason—
ics Sonochemistry, 2017, 38: 92-103.

[36] BHANGUSK, GUPTA S, ASHOKKUMAR M. Ultrasonic enhancement
of lipase—catalysed transesterification for biodiesel synthesis[J]. Ul-
trasonics Sonochemistry, 2017, 34: 305-309.

[37) EJr 2y, AR bR, B R PR IR A A K SRR D). A TR
1, 2014, 33(6): 97-99.

WANG Qiwei, REN Jianlin. Ultrasonic extraction of stachyose from
Stachys steboldii Miq[J]. Petrochemical Industry Application, 2014,
33(6): 97-99.

[38] WM, MR, o A O SIL S PURIE IR IR 2 20

P HE ISR D). 15 Tl RBHE, 2007, 28(2): 190-192.
HU Binjie, CHEN Jinfeng, WANG Gongnan. Comparative study on
extraction of Ganoderma lucidum polysaccharides by ultrasonic
method and traditional hot water method[J]. Science and Technology
of Food Industry, 2007, 28(2): 190-192.

[39] Birfe =, Bam4r, 22 k0. —Fh B A 4 TRk IR BE B4R T 20
CN106543238A[P]. 2017-03-29.

CHEN CHUANYUN, LIANG YUANZHENG, LI SHENGMING.
Membrane extraction process for stachyose in Stachys sieboldii:
CN106543238A[P]. 2017-03-29.

[40] WU S J, CHEN Y W, WANG C Y, et al. Anti-inflammatory proper—
ties of high pressure—assisted extracts of Grifola frondosa in lipopo—
lysaccharide—activated RAW 264.7 macrophages[J]. Food Science
& Technology,2017,52(3):671-678.

[41] HERR, BAAT, IMEAR, F. RISV R A ) 5 AR SR A 2%
B[] M= TR, 1999, 33(6): 3-6.

HONG Feng, SHAN Gu, SUN Weidong, et al. A primary study on
xylo—oligosaccharide production with steam explosion[J]. Journal of
Chemical Industry of Forest Products, 1999, 33(6): 3-6.

[42] 5K R AEWREIRE AR 5 TRALM]. JEAT: B2 hhtE, 200:
84-103.

ZHANG Bailiang. Bioenergy technology and engineering [M]. Beijing:
Science Press, 2009: 84-103.

[43] LIN T J, LEE Y C. High—content fructooligosaccharides production
using two immobilized microorganisms in an internal —loop airlift
bioreactor[J]. Journal of the Chinese Institute of Chemical Engineers,
2008, 39(3): 211-217.

[44] FF . T A S K IS D]. ) M AR BT
2, 2017.

WANG Zhirong. Study on production of high purity stachyose from
Stachys sieboldii Miq[D]. Guangzhou: South China University of
Technology, 2017.

[45] &FPHRH, EE, HRAF. TR A B A AL BE K S B,
PR, 2019, 44(5): 1-4.

SHU Danyang, XIE Jin, CUI Chun. Study on preparation of high—
purity stachyose by microbial fermentation[J]. China Condiment,
2019, 44(5): 1-4.

[46] SHI C Y, ZHANG Y, LU Z Q, et al. Solid —state fermentation of
corn—soybean meal mixed feed with Bacillus subtilis and Enterococ—
cus faecium for degrading antinutritional factors and enhancing nu—
tritional value[J]. Journal of Animal Science and Biotechnology, 2017,
8:50.

[47) 5, skaxiF, BEARTT, %5, K IRWE A WS 4T R A B e T 52 1)),
b5 R BT, 2010, 36(10): 94-97.

WANG Xue, ZHANG Jinze, DUAN Sufang, et al. Study on purifica—
tion of stachyose by fermentation[J]. Food and Fermentation Indus—
tries, 2010, 36(10): 94-97.

(48] JHSCHT, REHE, WIEE, 5. R IR AR A UK L AT
FE[0]. P EE R 5, 2018, 43(7): 21-25,32.

ZHOU Wensi, XIONG Jian, XIE Jin, et al. Study on extraction and
purification of stachyose from Stachys seiboibi by fermentation
method[J]. China Condiment, 2018, 43(7): 21-25, 32.

[49] WHEE. B A BREAR R K TR AE R ABIESE (D). ) AR LT
K2, 2018,

XIE Jin. Study on improving purity of stachyose using microorgan—

ism fermentation method[D]. Guangzhou: South China University of



[50]

[51]

2021 47 H
2 42 B4 1410

RaftnSAR

gk

224

Technology, 2018.

Bhoeds, EHEAR, FIAKSE, S — i DVER 2% rb B 0 40 2 K R
I 775 CN106496287A[P]. 2017-03-15.

ZHONG XIANFENG, HUANG GUIDONG, BAI YONGLIANG, et
al. Method for extracting high purity stachyose from Stachys flori—
dana shuttlw. ex Benth: CN106496287A[P]. 2017-03-15.
ATUNGULU G, KOIDE S, SASAKI S, et al. lon—exchan ge
membrane mediated electrodialysis of scallop broth: Ion, free amino
acid and heavy metal profiles[J]. Journal of Food Engineering, 2007,
78(4): 1285-1290.

[52] GALAMA A H, SAAKES M, BRUNING H, et al. Seawater pre—

[53]

[54]

[55]

[56]

[57]

[58]

desalination with electrodialysis|J]. Desalination, 2014, 342: 61-69.
LVY, YANHY, YANG B J, et al. Bipolar membrane electrodialysis
for the recycling of ammonium chloride wastewater: Membrane se—
lection and process optimization[J]. Chemical Engineering Research
and Design, 2018, 138: 105-115.

Bk, Mo, MDGAR, 5. Akr R aiAk i R b B A B ER
X[ ARk, 2016, 37(1): 28-32.

DUAN Shuran, BAO Zonghi, WEN Guangdong, et al. Electrodialytic
desalination in raffinose purification[J]. Food Science, 2016, 37(1):
28-32.

YAMAMORI A, TAKATA Y, FUKUSHI E, et al. Structural analysis
of a novel oligosaccharide isolated from fermented beverage of plant
extracts[J]. Journal of Applied Glycoscience, 2017, 64(4): 123-127.
MENG Y, YI L, CHEN L, et al. Purification, structure characterization
and antioxidant activity of polysaccharides from Saposhnikovia di—
varicatal]]. Chinese Journal of Natural Medicines, 2019, 17(10): 792-
800.

LI L, CHENG B P, ZHOU R D, et al. Preparation and evaluation of a
novel N -benzyl —phenethylamino —3 —cyclodextrin ~bonded chiral
stationary phase for HPLC[J]. Talanta, 2017, 174: 179-191.

Ji4, X3, SRR, % HPLC-ELSD W7 A= 84k - h K S

[59]

[60]

[61]

[62]

[63]

[64]

R, RS BE 24, 2019, 15(5): 53-56.

ZHOU Yang, LIU Li, GUO Lengqiu, et al. Content determination of
stachyose in Radix—rehmanniae pieces by HPLC-ELSD[J]. Asia—
Pacific Traditional Medicine, 2019, 15(5): 53-56.

WANG X, WU C T, XU M, et al. Optimisation for simultaneous de—
termination of iridoid glycosides and oligosaccharides in Radix
Rehmannia by microwave assisted extraction and HILIC-UHPLC -
TQ-MS/MS[J]. Phytochemical Analysis, 2020, 31(3): 340-348.
XS, o, AR, 45 BEME (351 20 B AR AL AR R (IR SR A
)], B RALAE TR, 2014, 28(3): 503-509.

LIU Cong, BAO Zongbi, XING Huabin, et al. Separation and purifi-
cation of raffinose and proteins by gel permeation chromatographylJ].
Journal of Chemical Engineering of Chinese Universities, 2014, 28
(3): 503-509.

BAO Z B, DUAN S R, ZHANG Z G, et al. Adsorption separation of
raffinose from sucrose by activated carbon: Equilibrium, kinetics
and dynamic breakthrough[J]. Separation Science and Technology,
2016, 51(10): 1636-1644.

BERNAL M, RUIZ M O, GEANTA R M, et al. Colour removal from
beet molasses by ultrafiltration with activated charcoal[]]. Chemical
Engineering Journal, 2016, 283: 313-322.

g B, AR, R SR, S — oK TR 2 B R A Tk
CN103265583A[P]. 2013-08-28.

ZHANG Jinze, LIN Jing, ZHOU Zhijiao, et al. Method for preparing
stachyose crystal: CN103265583A[P]. 2013-08-28.

KRR, LA, SEoR A, . — e Al K Wl i i £ T ik
CN110759956A[P]. 2020-02-07.

SONG Jianmin, WANG Dehai, WAN Rongsheng, et al. Preparation
method of high—purity stachyose: CN110759956A[P]. 2020-02-07.

N T 43%8:5K5A
5 H 7 :2020-08-23



