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Preparation and quality evaluation of nutritional

Lotus Root Powder supplemented with polyphenols
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Abstract: This work aimed to investigate the polyphenol-based nutrient fortification and milling process of
lotus root,as well as the quality characteristics of processed powders. The effects of addition amount and
temperature on the adsorption of tea polyphenols by lotus root juice and lotus root pomace were analyzed,
to optimize the preparation conditions of juice-based powder (ILRP-1) and pomace-based powder (LLRP-2)
using the indicator of polyphenol adsorption ratio. In addition,the polyphenol-supplemented juice and pom-
ace were mixed to prepare whole lotus root powder (LLRP-3),and powder ILRP-4 was obtained by mixing
LRP-1 and LRP-2 in equal mass. There were significant differences in the content of starch,dietary fiber,

and phenolic substances among the four nutrient-fortified powders. Compared to the whole lotus root pow-
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der (LRP-0) directly prepared by freeze-drying and milling, their contents of bound phenols and bound fla-

vonoids significantly increased (P<C0. 05). The tests of simulated digestion in vitro found that polyphenols

in the four nutrient-fortified powders were completely released during the digestion process,but flavonoids

were not fully released. Especially,the flavonoid retention ratio of LRP-2 reached 37. 66 %. Compared with

LLRP-0, the nutrient-fortified powders showed lower temperatures and energies of gelatinization,as well as

higher peak viscosities (P<C0. 05). LRP-3 exhibited the sustained-release effect of polyphenols and fla-

vonoids during gastrointestinal digestion in vitro,and its solubility and stability were better than lotus root

starch. The results indicate that the supplementation of polyphenols can effectively enhance the nutritional

value and edible quality of whole lotus root powder.
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Fig. 1 Effects of addition amount and temperature on the adsorption capacity of

tea polyphenols in lotus root juice
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Fig. 2 Effect of addition amount and temperature on the adsorptioncapacity

of tea polyphenols from lotus root residue
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i s BUREA O o LA TERY R AT A 2 T RE T
PRI A A= 22HK S EORT PR RE E AR4E
[l Bk AL AN IR 20 W) 5 SR TE by I 2T 2

FIR A R B IR Ry h 85 A AN Sh & B & i
P 2 5 F LRP-0(P<<0. 05) , Hrft LRP-3 54
I3 (7. 56 mg/g ') &5 A H & (14, 54 mg/g 1)
. BT (LRP-D ORTE PRI 27 4 5 i i ik
(P<20. 05)  {H At 5 5 153 1 b 25 85 T HABAE A
VP E RS AE R AR AR P il S M SR I R AT
Fi b RV T 0 R B AT A W K A A TR
R (LRP-2) . I, AW T4 2% 3 By
(LRP-3) 15 A5 (LRP-4) AT 24 765 58 85 v 1) 7 37
BT

®1 SEBRUEBHHERER

Table 1 Nutritional composition of lotus root powders supplemented with polyphenols

BEHRAY LRP-0 LRP-1 LRP-2 LRP-3 LRP-4
R % 23,7522, 77 24,9241, 38¢ 21. 3540, 08" 19. 660. 08" 20. 650. 39°
R/ % 1. 960, 15 3.2240. 02° 3. 0540, 04 3.0640. 01" 3.08240. 01"
TERY/ V0 42.4741.87°  59.5640.05¢  32.9240.15*°  39.88=+0.07" 42.4740. 04°
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= 3 LRP-0 LRP-1 LRP-2 LRP-3 LRP-4
R 4E/ % 29.01£2. 32 7. 7440. 33° 38. 2720, 91¢ 37.46£2. 06¢ 30. 7442, 00¢
YRR 4/ Y 21.79£1. 41 21.70+1. 41° 18. 3040. 04* 16. 61=0. 07° 17. 58=0. 39
WS /me + ¢! 17.95+1.16*  38.17=41.65¢ 15. 1920, 83 21.50+1. 13¢ 27.5941. 92¢
LEAT /mg » g ! 1. 1640, 21° 4. 4620, 34 3.900. 19 7,560, 22¢ 4, 3840, 34°
Ml /mg e g ! 19.1140.91*  42.63=41. 314 19. 0920, 99* 29. 0640, 92" 31. 9841, 60¢
B #EE /mg » g 36. 824-0. 65° 66. 1943, 949 36. 1740, 58" 39. 4341, 05" 51.40+1. 14¢
45O W /mg + g ! 5.18+1. 07" 9.3141. 16° 7.60240. 82" 14. 5442, 21¢ 9.90+1. 21°
M /mg » g ! 42,0041, 32° 75.5143.31¢  43.7840.74>  53.98+£3.15° 61.2940. 58¢
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KWy R W T, U LRP-3 8 i R ik
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5 R R Y B SE H J5T T A R S R T T A R
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) T 22 ] ) A B el A v P Sl e 17 8 T
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O3 s BRSBTS W) JoT A T Ak B v A B 5
SRR

®2 SERLERMEIELENSE

Table 2 Digestive characteristics of lotus root powders fortified with polyphenols

RERUI Ak LRP-0 LRP-1 LRP-2 LRP-3 LRP-4

MR ALRERC 8.0140.06°  15.62+0.46°  3.1540.27*  7.3240. 48" 11. 08=+0. 53¢

W mg - g BHWOHRE  11.2140.38*  20.0140.61¢  12.6340.88"  14.7440.88"  17.1470. 85¢
Wi R 6.0140.08*  8.7240.66%  6.7340.61>  11.0840. 22¢ 7.0340. 33°

LB SR 25.2140.32"  44.35+1.72¢  22.51+1.75°  33.13+1.57¢ 35. 2541, 72¢

MEVE AL 24, 640,49 38.3641.05°  14.9741.31° 26,132, 48° 32.01=0. 40

T /mg + ¢ BWHREL  9.4220.49"  19.88+0.42'  8.7240.52°  13.58%0.80°  11.8740.58"
IR 2.3140.56*  5.73+1.14%  3.5940.40° 6. 4841, 14¢ 4. 2441, 34

WHALR S 36.3740. 64> 63.9842.61°  27.2942.23" 46,1944, 42° 48.12+2. 32¢

3.5 ZRERMNBMIELHE

TR BERSTE B W Ak e AR mp %) T 21 o il 2 )
JE A R R A an il 3 rs. LRP-0 5 LRP-1 7¢
0.5 hill 1. 0 h J& AU 5 1 R il i JEAS (R H AN AR, B
Bl R B A B 73. 6% FN 71. 4%, LRP-2.LRP-
3 F1 LRP-4 #£ 0~2 h N Ay 25 I Rl i Fp 2 1
Tb, Horf LRP-3 (37 55l B i i 9. 55 mg/g ' 1

KZE 21,27 mg/g ' A ENTI. 3%, EET
1k 0.5 h Py, LRP-0,LRP-1 Fil LRP-4 {437 &5 2 i
Bt B EARE. HE L5 hif AR ESe, 5
MR AR R 25 e AL, RV 2 P AL 0.5 h
N B SE A B 4. T LRP-3 %) 25 il 2 ) Joit
TEHALRY 2 h WA E 22 BE3A 39. 06 mg/g ', /i BV BT
Wil S i1 74,7 %0, G5 ERRI . AE 2 1y Ak R A
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Fig. 3 Release of free phenols and free flavonoids in different lotus root powders during gastric digestion
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Fig. 4 Release of free phenols and free flavone in different lotus root powders during intestinal digestion
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Table 3 Thermodynamic characteristics of different lotus root powders
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Table 4 Gelatinization characteristics (RVA) of lotus root powders fortified with polyphenols
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Table 5 Flushing indexes of lotus root powders fortified with polyphenols

FEih B /s S/ s SRR/ s /A
aliFE ity 26.58+1. 32 13.1741. 05 137. 66+5, 22 0. 155+0. 01
LRP-3 65.81+0. 51 12.9440. 75 198. 2347. 49 0.55740. 03
4 B 4 Fham LR SR i A T 0 M . S5 SR B il
=A

PAGERE N At R T SR D R S50 Bl T 2 1)
BRI AER T2 IR e T2 A5 T il 25 Y

w2 W E R AER R R T 25  RE TR R
LW AR USRS 2 mg/ml " R e 3 e 4 i
40 °Cs M M2 Z B A IR 2 mg/ml ' R



54 AP SRR Sy B A5 - 2 Wy A RS TR R A A B T Al 9

1 TERREE R 60 C. FEM T 24T dil & a s

ZWH 4 PR . 5 B R R T 5 B e i £ 1)

AFERAH L, ZWram Ak T2 0 35 4 S R0 b

TR 5 A R R M L (O 2 1 2 e

T PR RS R [l B A3 1 SR A 1 R e, I

RS T HB AR E . A CES RN 2

FERALTE B IS S I BRI R 2% . WFR R IR

25 22 Wy i A X5 S R R 1) U AL R IR SO b e 1

Wi, B0 N2 Z2 W5 TEH TR 1 2T 4k 45 22 21 3 18] () 43 1 41

HAER, A B ma AL A A Rt — P .

S Z 3k :

(1] 4BASILiRpBEAERS BH AR
0 .GB/T 25733—2022[S]. &% : ¥ B 474
MRAE L 2022.

[2] FER.F—F.HF0.F.204 FEFEZE
BT aA) . 33 ,2014(12) . 26-29.

(3] LA Mo, 2R, F. R S Ah £ K
HEARBENSRERREE L] &%
I AHL2021,42(23):95-101.

[4] YiY.Sun]J,Xie]J,etal. Phenolic profiles and
antioxidant activity of lotus root varieties
[J]. Molecules (Basel, Switzerland) ,2016,21
(7):863.

FEAMF e e B A R[] ], & # 4R, 2003
(2):203-207.

(6] = A4, 2R, F. T LEERTHERY
REMEEMIRL] ] AT X FFRCARAF
M) 5 2006(5) : 63-68.

(7] B 2284 ME.F MM EB5RH0Y
FHEZAERAREE]]L 28 T LR,
2023,44(2) :497-505.

[8] Fhedy, A AT3%, 5. % % Brxb/ s R H 4
FEME Ao 87 6L R R BALEE[ ] ). A S At
2021,42(21) ; 8-16.

(9] 3KkZB.5rma,Fyid, 5. %18 % 4 sk 32 I

IERAE REAERIFN] ] R REA R

BN F R, 2023,14(2) 1 256-263.

FEER R®F.AE,F. @ikt 3,5

Z RN R AR B Vb &, R ) KR P T B B A

MR ] oAl aX S 3R, 2016, 35

(10):1283-1288.

Guo X, Wu C,Ma Y, et al. Comparison of

milling fractions of tartary buckwheat for

[10]

[11]

their phenolics and antioxidant properties

[12]

[13]

[14]

[15]

[16]

[17]

[18]

[19]

[20]

[21]

[J]. Food Research International, 2012, 49
(1):53-59.

Li S,Li J,Zhu Z,et al. Soluble dietary fiber
andpolyphenol complex in lotus root; Prepa-
ration, interaction and identification [ J ].
Food Chemistry,2020,314:126219.

FRA TR, M AL S E AR R R SR B £
WA E AR AIRAFE R[] ] K
2T K ¥ FIR.2015,34(2):20-25.

Spinola V, Pinto J, Llorent-martinez ] E, et
al. Changes in the phenolic compositions of
Elaeagnus umbellata and Sambucus lanceo-
lata after in vitro gastrointestinal digestion
and evaluation of their potential anti-diabet-
ic properties[]J]. Food Research Interna-
tional,2019,122(8) ;:283-294.
Ye Z, Cao C, Liu Y, et al.

structure modulates gastrointestinal diges-

Triglyceride

tion fates of lipids: A comparative study be-
tween typical edible oils and triglycerides u-
sing fully designed in vitro digestion model
[J]. Journal of Agricultural and Food
Chemistry,2018,66(24) :6227-6238.

Punia S, Dhull S B, Kunner P, et al. Effect
of y-radiation on physico-chemical, morpho-
logical and thermal characteristics of lotus
seed (Nelumbo nuci fera) starch [J]. Inter-
national Journal of Biological Macromole-
cules,2020,157(1) :584-590.

Liu D,Li Z. ,Fan Z.et al. Effect of soybean
soluble polysaccharide on the pasting, gels,
and rheological properties of kudzu and lo-
tus starches[ ]J]. Food Hydrocolloids,2019,
89(5) :443-452.

PEORAE N BB R R R IE R A
B at R R )] A Tk, 2019,40(3)
258-262.

Fo IR AR BAR AR L RR TRy Xt iE
R by e R e Ha [ R e T A,
2019,40(6) :26-30.

B4 b F F RS Ly AR
w5 oA EE R EL] ] £ Tk
A3, 2022,43(22) :481-490

Nan D, Zhong D, Can T, et al. Formation,

structure and properties of the starch-poly-



10

K W B T K %

E 2023 4F

[22]

[23]

[24]

[25]

[26]

[27]

[28]

[29]

[30]

[31]

[32]

[33]

phenol inclusion complex: A review [ ] ].
Trends in Food Science &. Technology,
2021,112.667-675.

Liu Y,Ying D,Sanguansri L,et al. Adsorption
of catechin onto cellulose and its mechanism
study: Kinetic models, characterization and mo-
lecular simulation] J ]. Food Research Interna-
tional ,2018,112(10) : 225-232.

2B R R R TR AT SR S By
KR AH A mas v walll AR ®A
#.,2015,31(4):264-271,143.

Wang H X, Yi Y.Sun J.et al. Fingerprint
profiling of polysaccharides from different
parts of lotus root varieties| J ]. RSC Ad-
vances,2018,8(30) :16574-16584.

Mm% R« FRARRK, KSD, AL R,
F. TR LR TR E T SRR M
#[J]. #7588 R LA ,2021,58(7) . 1342-1354.
FEE,Em, BE.F RSB AEAENEH
WA AR A AE M T AL I,
£ S AH,2021,37(7) 1 115-120+22.
FRA, e TR R, 5. RE) e Loy K aFR S0
BB ELE TR EM R A ERRA
e keg#onl] ] £ At s, 2022,43(21) .
78-86.

Spinola V, Llorent-martinez ] E, Castilho C
P. Antioxidant polyphenols of madeira sor-
rel (Rumex maderensis): How do they sur-
vive to in wvitro simulated gastrointestinal
digestion? [J]. Food Chemistry,2018,259;
105-112.

BT M EA, EREF R FREDR
LT FBAE LR AR TR P RS
B AT ] At $,2019,40(15) : 23-30.
VT, § AT AN F. ZRIRM I
PRIPBE DL K AT AR P B K R A R AL
M EAHAE L] ] AR & A3, 2020, 36
(12):77-83.

JPEE R AL, B3k S RSB I iE AL st
BETHEMNRY R L FRGm]]. P
A5 F3R.2023,23(2) :83-90.
IEE,BER,ZWMM,F SR A SIS
W o %t Rt &[] ] F B 5 IRk,
2020,35(6):173-181.

Thomas-valdes S, Theoduloz C, Jimenez-aspee

[34]

[35]

[36]

[37]

[38]

[39]

[40]

[41]

[42]

F.et al. Effect of simulated gastrointestinal di-
gestion on polyphenols and bioactivity of the n-
ative chilean red strawberry (Fragaria chiloen-
sis ssp. chiloensis f. patagonica)[]]. Food
Research International, 2019, 123 (11): 106-
114.

R FEITREM B RN S B AN
it A2 PR A B ) | e 5
WAg,2023,36(6):16-20.

Lucas-gonzdR, Angel Pérez-dlvarez J, Mos-
caritolo S, et al. Evaluation of polyphenol
bioaccessibility and kinetic of starch diges-
tion of spaghetti with persimmon (Dyospy-
ros kaki) flours coproducts during in vitro
gastrointestinal digestion[ J]. Food Chemis-
try,2021,338:128-142.

ik, SLAHAL, I 1R F. BT 5 R A
SFEMBECME R RL] ] P EERE,
2019,38(12) :75-79.

Cheng W,Sun Y, Xia X, et al. Effects of g~
amylase treatment conditions on the gelati-
nization and retrogradation characteristics
of wheat starch[]J]. Food Hydrocolloids,
2022,124(3):107286.

T¥ S5 E R RN GMEER AL SR
Wi A T e[ D] 4. TH K
#,2018.

Eorm, KA A AT A, RVA 45 218
B AR L ER/RARRBRG L RLE
#[J]. i R A 5,2023,51(1) : 16-22.

Li H, Zhai F Y, Zhu X X, et al. Physico-
chemical properties and structure of modi-
fied potato starch granules and their com-
plex with tea polyphenols[J]. International
Journal of Biological Macromolecules, 2020,
166:521-528.

Zheng ], Huang S,Zhao R Y, et al. Effect of
four viscous soluble dietary fibers on the
physicochemical, structural properties, and
in vitro digestibility of rice starch:a com-
parison study[]]. Food Chemistry, 2021,
362:130181.

WAL HF L RFF S8 S LA
SRR I A ra ) ] Th Tk K ¥
A KA SRR 2021,42(5) : 30-38.



