FOOD& MACHINERY

DOI:10.13652/j.issn.1003-5788.2021.09.025

EIHBEOM BE 2398 1 221 F9 A | RS

%lu\ﬁ_ WE%U%"“ R g*ﬁ%ﬁi&;ﬁéﬂkﬁl\iﬁ 'f‘tq::‘lj:ll‘i

Dark tea polysaccharide-iron produced by ultra-high static pressure

and its digestion properties in vitro
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Abstract: Objective: Given the disadvantages of a traditional
heating method for preparing polysaccharide-iron, such as long
producing time and low iron binding rate, the aim was to optimize
the preparation technology of dark tea polysaccharide-iron (DT-

PIC-HP) under ultra-high static pressure and investigate its di-

gestion characteristics in wvitro. Methods: DTPIC-HP was
prepared by ultra-high static pressure with black tea

polysaccharide as material. The preparation conditions were opti-
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mized, and the stability and bioavailability in vitro were investi-

gated. Results: The effects of pressure, the ratio of
polysaccharide to iron and treatment time on the iron content in
DTPIC-HP were non-linear, and quadratic and interactive effects
were also found. The influential order of the factors on the iron
content was as follows: ratio of polysaccharide to iron > treat-
ment time > pressure. The optimized processing conditions were
mass ratio of polysaccharide to iron of 1.7 : 1.0, pressure of
425 MPa and treatment time of 22 min. Under the control of
these conditions, the iron content in DTPIC-HP was 16.78%.
The gastric and intestinal simulated digestion in wvitro showed
that the stability of DTPIC-HP was higher than FeSO,, and its
soluble iron content was 86.82% at the end of digestion. Conclu-
sion: Ultra-high static pressure exhibited high efficiency for pro-
ducing DTPIC-HP, which had good potential bioavailability.

Keywords: dark tea; static ultra-high pressure; polysaccharide-i-

ron; preparation; digestion in vitro
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i M E WL 5L-HPP600 MPa 1, 4 3k &} & &5 JE
BHA R A A
B 44T R . BSA224S T, 58 £ Fl B Rl 254 A 28 45 KL
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HOR WA Jo v VR THRAG S HLZ AT . WL 15 g Ml 24
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BBk & .
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BN pH Oy 2, BB E WAL . 4 B FRHL 25 mg
DTPIC-HP H1 7.5 mg FeSO, & F 250 mL & i, J8
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Figure 1 Effects of pressure on the iron content
in DTPIC-HP
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Figure 2 Effects of treatment time on the iron content

in DTPIC-HP
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Figure 3 Effects of the ratio of polysaccharide to iron

on the iron content in DTPIC-HP
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3 AN FR X 45 DTPIC-HP gk 53 4 1 8 hl 47 75 — IR AE
JAMZHAE . 454 FHTH, &R R BESH® S
BT A B R I A A R L > A S ) > R )
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F1 MEEREEITERKE
Table 1 Response surface experimental designs and
factor levels
KA AJES)/MPa B 4b 3 6[] /min (OF 27324
—1 200 10 1
0 400 20 2
1 600 30 3

% 2 DTPIC-HP &M 5z Eik I8 % it fn 4 R

Table 2 Response surface experimental designs and the
results of the iron content in DTPIC-HP

5= A B C NN
1 0 0 0 16.75+£1.05
2 1 0 —1 15.81+0.47
3 —1 0 —1 14.6840.23
4 —1 —1 0 14.05+0.97
5 —1 0 1 13.80+0.14
6 0 1 1 13.974+1.97
7 0 0 0 16.04+0.30
8 1 —1 0 15.7240.44
9 0 0 0 16.3741.43
10 1 1 0 14.8340.93
11 0 —1 —1 14.70£0.74
12 0 0 0 16.5540.46
13 —1 1 0 15.734+1.87
14 0 —1 1 13.88+1.82
15 0 1 —1 15.744+1.22
16 1 0 1 13.38+1.57
17 0 0 0 16.82+0.11
x3 HEAMEERYMAFESF
Table 3 Estimated regression coefficients and analysis
of variance for the model

FERE P AHEE HF FHE P BFEMHE

FER 20.12 9 2.24 32,17 <C0.0001  **

A 0.27 1 0.27 3.95 0.087 1

B 0.46 1 0.46 6.59 0.037 2 *

C 4.36 1 4.36 62.80 <C0.000 1 .

AB 1.64 1 1.64 23.66 0.001 8 *

AC 0.61 1 0.61 8.71 0.021 4

BC 0.22 1 0.22 3.20 0.116 7

A? 2.61 1 2.61 37.55 0.000 5

B? 1.68 1 1.68 24.17 0.001 7

C? 7.09 1 7.09 102.07 <C0.000 1 o

wE 049 7 o007

2% L 0.08 3 0.03 0.26 0.849 8

4R 2z 0.41 4 0.10

R ZE 20.61 16

T KRR B P<0.01;" FRBFH.P<0.05, R? =
0.976 4,R%4=0.946 0,CV=1.73%,
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B, Mg MEDBBELEREKTFERERER  2.23 BIUETH WA Design-Eexpert 8.0.6 #1351 1B
H UL B A R W R AR NE G R R B R R & L2 N E ) 424.01 MPa. 4k # ) (A
AR Ul DB EE R ) 3¢ BAE D L 3 (P <C0.05) 21.88 min BEEK L Gmmssp * mqup ) 1.68 2 1,00, Ik
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10 min #JN % 25 min B 2 & B E W3 — 8 m B NES) 425 MPa B[R] 22 min B (mgsesn
b BRESE () KA R AR . MR L (moses mwwm m =gy ) 1.7 0 1.0, S F TR il £ 0 R T B 2 B0 Y E
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Figure 4 Interactive effect of pressure and treatment time on the iron content in DTPIC-HP
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Figure 5 Interactive effect of pressure and the ratio of polysaccharide to iron on the iron content in DTPIC-HP
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Figure 6 Interactive effect of the treatment time e and the ratio of polysaccharlde to iron

on the iron content in DTPIC-HP
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BRI R4y B 15.61% . A B 52t AR BR 1k 22 0 o I
B 5 =M kTE 50 CC TR 4 h il & SRR 1L £ Bk ok
JE BN 8.95% . £ L, i IR 1t 1k 0 8 S R R I &
BEZHETZEARWM  EaYPRESREmIILE.
2.3 fRIMEBLEK

BeAE LR v 32 B A WO A SR /N . T AR R
BRI i 23 A 8 T R R B K R A R T
BRI, FL 3t A /N I 5 R B A AR ME B /N b B 4
W AT DA T B B T 2 R AR BREDTT L T K R 7 R T
B T AR AT T A Y TG 2 ) R L A R A
FER)— A EE k.

FH & 7 Ca) W] 1 Bl 25 S 0 B (] A 3% i, DTPIC-HP il

100 -

S 75

-2 FeSO,
-~ DTPIC-HP

ALV PER T 48
Iron solubility/%

Il Il Il Il Il J
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P 1]
Time/min
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B 7
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FeSO, 11 {1 ] i M 2% It &2 43 809 BN TR =R B i L Y
S H A D 25 min B DTPIC-HP w1 7] ¥ P 42k 5 o 43 5K
H7 84.41% s FeSO, H (1 T i 4k 2k i 2 43 B0 Ay 19.27 %6 5 4k
ERNLE 50 min, 3 AT MR T iR R ME b
DTPIC-HP {98k JL-F 58 & 7] % Tl FeSO, ] ¥ 1 2k i
AN 77.98% .

i P& 7 (b) AT, B I 4R 25 min, DTPIC-HP #l Fe-
SO, AT E SR T A BUE N E RGBT PR, X
2 B A 25 min B, DTPIC-HP #1 FeSO, 1 (1% 1T ¥ 1
BRITCRE 22 B0 B 81.22% . 18.27% 5 [ i 45 TR ),
DTPIC-HP H fif 7] v P 4 5 5 43 50K 86.82% , 1fii FeSO,
H Y T A T A A B 16,7804

100\—N4

~
W

wn
=

-# FeS0,
—e— DTPIC-HP

Tron solubility/%

TP R B S

25+
O L L L L L J
0 25 50 75 100 125 150
Fif[a]
Time/min

(b) Btz

DTPIC-HP #= FeSO, 4k s} 8 % i 4L 3% 5 3¢ 1o

Figure 7 Comparison of the simulated digestion experiment in vitro for DTPIC-HP and FeSO,

g b & W ik )E DTPIC-HP i ol i M4k &
R & T FeSO, 1), X /& B 2 FeSO, 7£ 4 ¥ pH
(4.5~8.5) %M F & A A AL gk i ie ™, B 21
Jo W T Ak B BE P B TIE . T DTPIC-HP U # 4
BRAE B W ORI A R > RO R 5 —
T, BT 2% B AE A, 15 DTPIC-HP 7£ I W | b &
75 min R E 2 A AT 2. DTPIC-HP 725 1%
WP EESR SRR EE TR R TR, A
Gy B oK R R B A TS i AR . R,
R L A% G 0 3 T & 1 22 0 4k, W S vl T R A 1 RS
Z MR A Y R R
3 Bk

WIG R S e AT B BN Z S 2k
F A BV b A8 1Y 2k B ok B N S 0 A 3 B
IF1) S BB 55 2 0 Al 2 T A 20 1) 2% 2 5 (EL 2 3ot v 1 R g
A AL F S [ AR TR 2R . & R R R
TS 2 RE Y v Ak B 5 9 SRS /NI A B Ak EE > A 3
7] > & Fy o w7 T A A % B A o 25 2 TR L 20 A 1 o
BRI (moge gy ¢ m =) 1.7 2 1.0, JE 7 425 MPa, &b 3 i)
6] 22 min, I SR AE 2 R4k Pk B R AT 80l 16.78%.,
AWK TE ARSI LT W A AR T R )
AR P ZE T b 4 RRT A R R A A B 86.8200 ,
A YA 2] B T AL AN TR FeSO, . A% 2 Hi ik
TEAR T A6 R I8 Fe ite— ST

2% 30k
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