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Abstract: To investigate the lipid-lowering effects of Sanhua Tea, a ready-to-drink Sanhua Tea made from rose, jasmine, citrus
aurantium, lotus leaves, and Chuanxiong was prepared as the experimental material. The lipid-lowering efficacy of Three-Flower Tea
was studied through in vitro experiments, and its application in black tea milk tea was explored to determine the optimal formula for low-
sugar, low-fat milk tea. Cholesterol esterase inhibition rate, pancreatic lipase inhibition rate, and sodium cholate absorption efficiency were
selected as indicators to evaluate the lipid-reducing activity of Sanhua tea in vitro. By adding Sanhua tea to low-sugar milk, the optimal
formula of low-sugar and low-fat milk tea was obtained by combining fuzzy mathematical sensory evaluation, single factor testing, and
response surface testing. The results showed that Sanhua tea significantly strongly inhibited cholesterol esterase (87.11%) than pancreatic
lipase (53.91%) and sodium cholate absorption efficiency (3.97%). The optimal formula for low-sugar and low-fat milk tea composed of
0.35% instant black tea, 6.00% Sanhua tea, 35.00% milk, 4.45% honey and xylitol (1.5:1), and 0.10% sucrose ester and monoglyceride (1:1).
The main physicochemical properties of the low-sugar, low-fat milk tea were analyzed. The total sugar, crude fat, crude protein content,
and stability coefficient were 0.152 mg/g, 0.010 mg/g, 0.455 mg/g, and 1.048, respectively. This study confirmed that instant Sanhua tea
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effectively inhibits cholesterol absorption in vitro and has potential lipid-reducing effects. These findings provide theoretical basis and data

support for the development of new low-sugar, low-fat milk tea products with desirable sensory qualities and health benefits.

Key words: instant Sanhua tea; lipid-reducing effect; low-sugar and low-fat milk tea; fuzzy mathematical sensory evaluation

Bt AR 3 7 OMBR I 1 ) 5, R £ A
KL ETb. RS SUE A E R, RSB
M5 B R By AR S A R SR el R
o R AE . ARIDTIE S TRCo008 R B S5 AH O I RIE
B E OB NS A R AL PA . R,
WEFCA RN D72, X AR 5 2 o

1981 47 _F g 17 B X rhoCo R e A B T DR R)
JTERE B BORAE S SRAE HORAE. i A
SR “ =AEmRAE s 7, FFIR IR L 1l R
7 RONEE, UESE T %I A0 AL EAE R AT B
730 WAERCRIE 70% . T4k, OF 090 SRt
“CERERAE TR AR R B R D RE, IESE T =AESR
20 5y (R SR AR A0 VL LA B R AR o Th ™ e
bh, HASY ER B B E T ZE TR -,
BT ARG pume s, NS AR
RAENL PLerdefe T B, SCRA0I I TS fE
A B, =ARIIRES” R AR T A 5 A0 R A Rl
PUEE AR A IS, B AR DR FE IR L 5 ) A A7 A
Ao Bk, ABX “ =10RAEAE" 1k R RIED)
Rt — LRI T o

T, RYORI BT T B PR PR R A
AHRE, ZLA OB ThREVERT TT anHi S AN 3T B i
PEMISET T ARV SR RO — R R B, o
2 2 W) 2R B A B A B LT BRI  FaE 2
PrAL SR Th e . T H, AR YA 2
SR BIF R AR TN 3 I =LA 0 F) 1 1R
T AT B LR WML Ty b, M RTASOM) 2 i
BRI ST, i AR AR = e 40k
ok, NHESIERE KRR BT AR OB
R BRI SCRE, R RAT ML AT FF S

1 MRl5E®
1.1 MRS A

WERAL NS AR FHE Y B IR (Rosa rugosa Thunb.)
T ERAEE, 2N R ARAR s KFLEHN
KERHEYIZEF [Jasminum sambac (L.) Ait.] T 15
167, ZWAFIEH AR HRAR; RN ER
FHEIRIRAE (Citrus aurantium L. var. amara Engl.)
T ERAEE, BT EM X EmRAT s far i B A)

Y% (Nelumbo nucifera Gaertn.) FJTEH. JIIE N
DIERHEYI)IN = (Ligusticum chuanxiong Hort.) [1]FJ5
MRZE, BRIG- A2, JHERENREE (300 U/g). 4-fiF
F: K T R lE (4-Nitrophenyl butyrate, PNPB, 98%).
MHEREN (95%). JRE AR CEMHE ARG, bl
SEMRAERHE A A TR A | B DiEE (3000 Ulg),
B IR AR R A A = R ke
(Trihydroxymethylaminomethane, Tris), [ #5ZFH%
RIBERAT i (Bikali), REET KA
J 75 SRR AN — A, HoAth Al 2 S AT AR AR
B9 1 77 53 M 4t o

1.2 (L& 5 &%

UV-3200 4N A] W23 6ot BT, HA H A2l
Infinite 200 PRO M Fr 1%, Fi - TECAN A #; Xinyi-
100F AW R TRHL, T8 20 A W& H R A F;
H1850 i & DAL, 1R I SR I = AR IT A
FRAw]: THZ-A SORTEIRFEIR, &I AR &
F]; HI-ADS HLZh K B, W NI AE AR A IR A
"]; FE28-Meter &5 20 pH IR JZ i1, iR 84T H 2
IXEFAIR A A .

1.3 Fi*

13.1 RBEZRRHE

KB BAE . SRFIE. HIRAE ar iR 4 B
HFREL 8.00 g, B T HA 1200.00 mL 275K st
PEFEYE), RN 90 CKME IR SE 15 min 5, I
E AL E R Sy — A, BUIEE, A 1 200.00 mL
aidoK R EUS, W2 IE, &IHFmIRIER,
B2, BAYEE DT -30 CHGK, RETR
73 h, REEE=ER, WEIFITESR, T4°C
a7, TZRELE 1.

(S b s T4 |
ik ] kbl ] AR IE |

(e ) e | Rarze )| st ][0 |
B 1 ER=wFREIZRiER

Fig.1 Process flow diagram for the preparation of instant Sanhua tea
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Fig.2 Process flow diagram for the preparation of low sugar and

lipid-reducing milk tea
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Y=XoRe= (0.2,0.57,0.23)

B2 5 A3 H=Y VXY, THEAANRE B
LREARr, 3o RkiE, BRI ECE R 2 0T E A
AT, WA SR BINE S HRR L5139 -

He=0.34%95+0.63%85+0.03x75=88.1 ;

H,=0.29%95+0.65%85+0.06x75=87.3 ;

H,=0.54%95+0.4x85+0.06x75=89.8 ;

H;=0.71%95+0.29x85+0x75=92.1 ;

H,=0.34x95+0.66x85+0x75=88.4 ;

H:=0.22%95+0.66x85+0.12x75=86 ;

H,=0.2x95+0.57x85+0.23x75=84.7 ;

6 da HEAERATUER, ZHRIBINER
6.00 mL CEIAF 2 %0 6.00%) i, @R L:&55
s, N 921 4r. IR, EREZAEATN 5,50, 6.00.
6.50 mL AT 0 S ] 56 o
24.1.2 ARG IR E

B 2.4.0 FEFERIRIE T8, 0P RE 5% TUB R b
PP REATEI M, R

TE R 7040 4= W Vs I & 06 7% 4% b 1 5% e Ak 58
W, SRS R R R R R R SR A VR 4 R i
it BN Y= (02,047,033); Y= (0.29,0.61,0.1) ;
Y= (0.385,0.44,0.1750) ; Y,= (0.47,0.5,0.03) ; Ys=
(0.89,0.11,0) ; Y= (0.545,0.335,0.12).

&AW %A 19 N Hi=83.7: H=86.9;
H;=87.1 ; H,=89.4 ; H;=93.9 ; H=89.25.

S5 4b 5LEAR 0T UEH, Aid-ghisingE s
35.00 mL CEIRFR 0% 35.00%) I, WA &155
i, N 93.9 9y I, JEPRAAFN 34.50. 35.004
35.50 mL HEA7 M S RS -

2413 WEE SRHERLN N E T

W 5 AR R BEAE W 4 R ) R PR R A R L, T
M) S8 T 58 o A A — N R R F

TE PR T 06 B U 00 B 6 0 2% o 5T 1 2 o K 5
ARG 9 2R R T g A VR g R e =
H: Y= (0.09,0.47,0.44) ; Y,= (0.21,0.665,0.125) ;
Y,= (0.4,0.525,0.075) ; Y,= (0.84,0.16,0) ; Y=
(0.415,0.485,0.1), & H XL G155 : H=81.50 ;
H,=85.82 ; H,;=88.25 ; H,=93.4 ; H=88.15,

TEHR 50 A KE B I 0 6 % 2% & 519 5 Ak 5%
H, FHIR T Y T R LR ST A R 25 R e &
HE N Y= (0.28,0.57,0.15) ; Y= (0.415,0.585,0) ;
Y,= (0.785,0.215,0) ; Y,= (0.47,0.53,0) ; Y,=
(0.305,0.525,0.17). & HIRILEE 175N : Hi=86.3 ;
H,=89.15 ; H;=92.85 ; H,=89.70 ; H,=86.35.
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KR 90t
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Fig.4 The effect of various factor additive amounts on the

sensory quality of milk tea

24.1.4 EIFLLAUSINE I E

TEPR FUI T AT AR B 5 25% it 5 2 i R 36 v
F AR AR IR E TR R LR A VR I A R R
N: Y= (0.14,0.495,0.365) ; Y,= (0.085,0.625,0.29) ;
Y= (0.795,0.205,0) ; Y,= (0.345,0.61,0.045) ; Y=
(0.11,0.495,0.395).

% H R LR A 1S N Hi=82.75 ; Hy=82.95 ;
H,=95.95 ; H,=88.00 ; H;=85.15.

SE W de HLEEMEA VLA, BIBLARRNE
N 0.35g CHIRED$0.35%) W GEE M RE N
95.95 J3. R, EFHEE DA ERE N 0.30, 0.35,
0.40 g HE47 M B ] 1056
242 EABIRAE W0 R BTy 6976 L @ AL
2.4.2.1 W TR TR T B e AR

F FJ Design-Expert 11.1.0.1 % £f, K F Box-
Behnken H 0o 414 J5UHR 7 N7 A A AR, 3R AT i 1 R
Ak, B FRR 22 VA S i o M 43 B PR e 15 2%
PR PRy, BIOMRE CY)OPY . i 7 i ik 56 i W
* 4.
2.4.2.2 Wi T [B] VAR ARY (¥ N 5 4 AT

L IR 2 T BN G S A e S PP 43X ) S [
FREKEA RN : Y=90.45-1.108 33A-0.108 333B+
0.387 5C+0.379 167D-0.512 5AB+0.937 5AC+0.3AD+
BC+0.812 5BD-0.025CD-3.993 75A%-2.706 25B°-
3.025C*-2.862 5D°.

HARTT Z 50 Hr W3 5. A P<<0.000 1, KU
G R, BREEE IS IR HE
LLRININE (A >4 inE (C) > g% 5 A0
REANINE (D)>ZAERINNE (B) ; Hrf, AXRE

PR R E R (P<<0.01), LHIIH AC. BCH
BFEEM (P<0.05), A’ B\ C. D" AWEFEMH
(P<0.01).

* 4 MEERRIZITE

Table 4 Response surface experimental design table

B
it AT Y/ S
A B C D
1 -1 -1 0 0 84.90
2 1 -1 0 0 82.25
3 -1 1 0 0 85.80
4 1 1 0 0 81.10
5 0 0 -1 -1 84.55
6 0 0 1 -1 84.20
7 0 0 -1 1 84.50
8 0 0 1 1 84.05
9 -1 0 0 -1 84.75
10 1 0 0 -1 81.90
11 -1 0 0 1 84.95
12 1 0 0 1 83.30
13 0 -1 -1 0 85.05
14 0 1 -1 0 83.30
15 0 -1 1 0 84.40
16 0 1 1 0 86.65
17 -1 0 -1 0 84.15
18 1 0 -1 0 81.55
19 -1 0 1 0 83.65
20 1 0 1 0 84.80
21 0 -1 0 -1 85.40
22 0 1 0 -1 83.00
23 0 -1 0 1 85.35
24 0 1 0 1 86.20
25 0 0 0 0 90.25
26 0 0 0 0 90.60
27 0 0 0 0 90.50
28 0 0 0 0 91.05
29 0 0 0 0 89.85
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x5 REERISZ A EIRE T E SR
Table 5 Analysis of variance for response surface experiments on

low sugar and lipid-reducing milk tea

FERR Frk BAEE ¥ FA& PAa
Pl 201.94 14 14.42 20.54  <0.000 1%*
A 14.74 1 14.74 2099  0.000 4%+
B 0.140 8 1 0.1408  0.2005 0.661 1
C 1.80 1 1.80 2.57 0.1315
D 1.73 1 1.73 2.46 0.139 4
AB 1.05 1 1.05 1.50 02415
AC 3.52 1 3.52 5.01 0.042 0%
AD 0.360 0 1 03600 05126 04858
BC 4.00 1 4.00 5.70 0.031 7%
BD 2.64 1 2.64 3.76 0.0729

CD 0.002 5 1 0.0025  0.003 6 09533

A2 103.46 1 103.46 147.32  <0.000 1**
B2 47.51 1 47.51 67.65  <0.000 1**
C2 59.36 1 59.36 84.52  <0.000 1%**
D2 53.15 1 53.15 75.68 <0.000 1**
kA 9.83 14 0.702 3

K AR 9.05 10 0.904 7 4.61 0.0770

iz 2 07850 4 0.196 2
pY i 211.78 28

S~

E R T HAMEF (P<001); * R TR
(P<0.05).
2423 W 54

R4 191 V5 77 F2 3 F] | Box-Behnken M 7 [fi7%, W]
DA % DR1 2 ) 199 19 5 L ) e o T P A A v 2 1], A
P 50 p T e o T I i R 2 S5 v 2 ) AR [ 5 T DA
Fl, #IBEARAINE (A, =R RmnE (B), 4
SR E (O, BESAMERNE (D) S5&KE
PRI AFAER N A We) 2 T 4 9 AR P A i 57 A
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Fig.5 Response surface and contour plots of the impact of

various factor interactions on the sensory quality of milk tea

2.5 ARARRAR 2SR A E T B

2 1 D] 2 e AR o 7 T O 4 S R B i
oM, WK 4 FroR, 28 S AR SR E VR s
N 91.05 43, BRI 43 BRI 0 2% ) B ARG 77 9= T8
WK 0.35%, =TE75 6.00%, 224145 35.00%, #45%
HARWERE UREREIERN 1.5:1) 4.45%, FEFERS
FoHEE REREEN 1:1D 0.10%.
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Table 6 Main physicochemical indicators of low sugar and lipid-reducing milk tea
LR YEeF/(g100g) AERAE/(g/100g) EAREE/(g100g) R R
TRAB ARG 5 0.152 +£0.089 0.010 +0.001 0.455+0.018 1.048 £ 0.002
F 2L AR <5 =0.5
2.6 MRORE R AR 0 2% 09 2 AL AR A7 AT N

LI IE , AR T 1 BE 5 509 0.152 g/100 g,
JIg 07 B & B AR, 9 0.010 g/100 g, 54 GB 28050-
2011 (TR0 e fr B FRPR A M) R & &
<5 /100 g fIRNEWT CHE W7 & 8 <3.00 g/100 g) 1]
R EAF S EN 0455 ¢/100 g, # GB/T 21733-
2008 (FRUCELY X ARCRI R E A AR (RARE
& =>0.50 g/100 g) M ERFEAC: faE KA, N
1.048, R EMRL, Wk 6, NELLYIAMEAR)
Rt — P TS T RAF Rl

3 g

AW BCAE, KA. ML A7 ik A1
=AM ER AT . RRE. R, IR SRR
P& DA B v VR T 150 55 T ol 6 R B0 = e 55k, X =1k
IS B B iG AT T 255V . FERLIERE B, K
IR AR IR 22 A, 138 TARBER AR W 4%
MR AR T, FEXTE R I 32 B AR AR AT A I, AIF
SEHFF R AE M 2R, HARE s . A =1k
FEAE PR A1 B8 A 200 ) FE ] I e 1, R A
87.11%, Bk JI Joiy P 1) 400 1] %2 0 53.91% A1 5 JH R £6 1)
GG EN 3.97%, MIENRNIEE R A BEE IR K
BEAL G W28 (0 e FE I 77 N NI 40755 0.35%, =468
6.00%, 2445 35.00%, W% SRR (1.5:1) 4.45%,
REPERE SR H R (1:1) 0.10% ; SHEPERAS W45 &£
FEMA SRR AT RN, HOHE S R 0.152 mg/g, NENTE
= 0.010 mg/g.

4 RE

RIS B PR IR O 2R I B A & AR T
GB/T 21733-2008 (ACkL) o6t @ 4% 1) 2 1 5 7 /2
3K, TR S SR T R X 2% 0] R AT 3k — 2D G 7 AR
b, WIET R E AR R, G 2R E A AE
wHA, DR SYRE AR S E. RN, %R
W R B WA b O e B AT A TR . [, A
RERE 3 KPR LA T 2 WUk I L 122, RIFRHA
B REE D REVEY 77 i B B EHE SCH¥
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