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Effect of Monascus purpureus on the characteristics of sea
buckthorn-highland barley complex Jiaosu

ZHU Xueyang, TAO Jin, ZHANG Lifang, XU Ningli, ZHANG Guoqiang*

College of Biological and Food Engineering, Anhui Polytechnic University, Wuhu 241000, Anhui, China
Abstract: [Objective] To analyze whether Monascus purpureus can improve the characteristics of sea
buckthorn-highland barley complex Jiaosu. [Methods] The pH, total sugar, total acids, soluble solids,
total phenols, total flavonoids, ascorbic acid and monacolin K, superoxide dismutase, lipase, protease,
1,1-diphenyl-2-picrylhydrazyl (DPPH) free radical scavenging rate, 2,2'-azino-bis(3-ethylbenzothiazoline-
6-sulfonic acid (ABTS) free radical scavenging rate, number of active yeast, and number of active
lactobacilli were compared between control group, sea buckthorn group, sea buckthorn-highland barley
Jiaosu group, and sea buckthorn-highland barley Jiaosu+M. purpureus group. [Results] The sea
buckthorn-highland barley Jiaosu+M. purpureus group had higher total phenols, total flavonoids,
ascorbic acid and monacolin K, superoxide dismutase, lipase, protease, DPPH free radical scavenging
rate, ABTS free radical scavenging rate, number of active yeast, and number of active lactobacilli than
the sea buckthorn group and the sea buckthorn-highland barley Jiaosu group (P<0.05). [Conclusion]
The addition of M. purpureus can improve the characteristics of Jiaosu and plays a potential role in
promoting the diversified development of the Jiaosu industry.

Keywords: Monascus purpureus; bioactive substances; functional enzyme activity; antioxidant activity;
live microbial count
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Table 1 Different sensory scoring criteria for Jiaosu

Evaluation indicators Scoring criteria Score
Clear and translucent, no precipitation 8-10

Organizational status (10) Small amount of sediment or suspended matter 4-7
Turbidity, more precipitation 0-3
Bright color, uniform and consistent 8-10

Color (10) Slightly heavy color, slightly uneven 4-7
Color dim, stray colors, uneven colors 0-3
Smooth mouthfeel, no obvious graininess 8-10
Average smoothness, with a grainy feel 4-7

Palate (10) . o
Poor smoothness and excessive graininess 0-3
No offensive taste, sweet and sour, 8-10
excellent taste, harmonious taste

Taste (10)
Average harmony of taste, sour or sweet 4-7
Off-odor, too sour or too sweet, no pleasant taste 0-3
Mellow aroma 8-10

Fragrance (10) The smell of wine or vinegar in the fragrance is too heavy 4-7
Excessive bitterness or unacceptable odor 0-3

1.10 SEREEHNE

S H R EV T, DA T NARES,
ZaIAREMZR . y=0.121 1x-0.025 6 (R*=0.999 7).
1.11 #3FMAES (Ascorbic acid, VC)& £ &Y
M E

S 2/ I )7k, LAPTIR LR A bR v S
bR 28 )=3.771 4x+0.000 8 (R*=0.992 3),
1.12 MK 2 =2HNE
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Tl o T RE R 21 i K O ) A 5 T e P s
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MK 2=l bRt £, DAWETRIAR y Xf B vk B x it
PR, [BE TR y=1.044 1x (R*=0.999 5).
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SOD) i J1 il & : 2% GB/T 5009.171—2003
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MG M E . 3% GB/T 23527—
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HE T2 HIARERT 2R . »=0.093 0x+0.069 1 (R’=
0.999 7).,
1.14 DPPH BHEFRENBINE

WS Kim!" 7 a0 T EES 9 DPPH
H O EEBRAE ) . BSEH 4 100 mmol/L 1Y
DPPH HIEAWR, SRJGH 80% H B Wi BE N
0.1 mmol/L ) T/E¥ . B 0.1 mL #£ 32 B0 T
WAET, A 2 mL #8509 DPPH TAEW, H
80% FH AN EAKF N 4 mL, A, TRBEE&M
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ABTS FHE T H L), 2RJ5 H 80% H s Bl
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B 0.2 mL A i FEBOR T A 4 mL ABTS
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Figure 2 Monascus purpureus mycelium in different periods. A: 2 d; B: 4 d; C: 6 d.
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B3 AREIEHAR BRI
Figure 3 Highland barley Monascus in different periods. A: 0d; B: 3d; C: 6 d; D: 9 d.

B4 A [EEHARYEE R IR BLR

Figure 4 Jiaosu extracts in different periods. The control group is denoted by WS; Sea buckthorn Jiaosu
group is denoted by SJ; Sea buckthorn-highland barley Jiaosu group is denoted by SQ; Sea
buckthorn-highland barley Jiaosu+M. purpureus is denoted by SH. A: unfermented SH; B: after yeast
fermentation; C: after lactobacilli fermentation; D: different periods of SJ, SQ and SH.
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Figure 5 Jiaosu sensory evaluation radar map. Sea
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buckthorn-highland barley Jiaosu group is denoted
by SQ; Sea buckthorn-highland barley Jiaosu+M.
purpureus is denoted by SH.
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Table 2 Physical and chemical indexes of different Jiaosu

Sample number pH Total sugar/(mg/mL) Total acid/(mg/mL) Soluble solids/%
WS 3.18+0.05a 269.56+0.64a 31.01+1.72b 14.37+0.06a

SJ 2.77+0.02d 180.42+3.80b 39.87+0.76a 4.53+0.06b

SQ 2.85+0.02¢ 131.13£2.01¢ 39.32+4.13a 4.37+0.06¢

SH 2.94+0.02b 24.64+0.79d 37.39+2.45a 3.93+0.06d

Different lowercases indicate significant differences between groups (P<0.05), the same lowercases indicate no significant
differences between groups. Error bars indicate the standard deviation (n=3). The control group is denoted by WS; Sea
buckthorn Jiaosu group is denoted by SJ; Sea buckthorn-highland barley Jiaosu group is denoted by SQ; Sea
buckthorn-highland barley Jiaosu+M. purpureus is denoted by SH.
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Figure 6 Total phenol content of different Jiaosu.
Different lowercases indicate significant differences
between groups (P<0.05), the same lowercases
indicate no significant differences between groups.
Error bars indicate the standard deviation (n=3).
The control group is denoted by WS; Sea buckthorn
Jiaosu group is denoted by SJ; Sea
buckthorn-highland barley Jiaosu group is denoted
by SQ; Sea buckthorn-highland barley Jiaosu+M.
purpureus is denoted by SH.
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Figure 7 Total flavonoid content of different
Jiaosu. Different lowercases indicate significant
differences between groups (P<0.05), the same
lowercases indicate no significant differences
between groups. Error bars indicate the standard
deviation (n=3). The control group is denoted by
WS; Sea buckthorn Jiaosu group is denoted by SJ;
Sea buckthorn-highland barley Jiaosu group is
denoted by SQ; Sea buckthorn-highland barley
Jiaosu+M. purpureus is denoted by SH.
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Figure 8 Ascorbic acid content of different Jiaosu.
Different lowercases indicate significant differences
between groups (P<0.05), the same lowercases
indicate no significant differences between groups.
Error bars indicate the standard deviation (n=3).
The control group is denoted by WS; Sea buckthorn
Jiaosu group is denoted by SJ; Sea buckthorn-
highland barley Jiaosu group is denoted by SQ; Sea
buckthorn-highland barley Jiaosu+M. purpureus is
denoted by SH.
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Ui LU A T U ] MK, V0 21 i 4
BETR & 25 5 MK & 58 1.93 pg/mL, #
PR T A eSS RS MK 58 1.99 pg/mL., 23
HEPOTE B 57 21 il I o o AR 2 il B A K
I LB, il m) MK, % FEZRIE
Fermainl, amm&EERE kB SRETZHE
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fiff , B AR R o SRk v A B A B
MW 4T LIEW, WHEL 4R SOD. AR
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Table 3 MK count with different Jiaosu

Sample number MK/(pg/mL)
WS ND

SJ ND

SQ ND

SH 1.9940.15

ND: not detected.
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Table 4 Comparison of enzyme activities with different Jiaosu functions

Sample number SOD/(U/mL) Lipase/(U/mL) Protease/(U/mL)
WS 105.73+11.27d 1.26+0.14b 5.30+0.43b

SJ 336.92+11.28b 1.48+0.10b 5.45+0.29b

SQ 258.20+7.38c¢ 1.28+0.02b 7.74+0.66b

SH 373.77¢11.27a 4.05+0.21a 25.094+2.59a

Different lowercases indicate significant differences between groups (P<0.05), the same lowercases indicate no significant
differences between groups. Error bars indicate the standard deviation (n=3). The control group is denoted by WS; Sea
buckthorn Jiaosu group is denoted by SJ; Sea buckthorn-highland barley Jiaosu group is denoted by SQ; Sea
buckthorn-highland barley Jiaosu+M. purpureus is denoted by SH.
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LA AVL T L1 R ATEBRBE 1 M F Trolox L4
FBBE S92 9 8.28 .12.43 | 11.32 F116.11 mg/mL.,
U A1) DPPH RYIE BREE JIAHXS T B4
P T 94.57%, AHXS TUPEAEE S T 29.6%,
X TV AR 0 T 42.31%. 20 M5 B gl
T X} HR L0 A 1 22 5 (P<0.05), W g5 & it
PRy R AA LR S R E AL, X5
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Figure 9 Determination of DPPH free radical
scavenging rate of different Jiaosu. Different
lowercases indicate significant differences between
groups (P<0.05), the same lowercases indicate no
significant differences between groups. Error bars
indicate the standard deviation (n=3). The control
group is denoted by WS; Sea buckthorn Jiaosu
group is denoted by SJ; Sea buckthorn-highland
barley Jiaosu group is denoted by SQ; Sea
buckthorn-highland barley Jiaosu+M. purpureus is
denoted by SH.
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J143 52 0.23, 0.97. 0.75 F1 1.26 mg/mL.
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B2l ABTS VERRBE M TX RAA B
FE2Z SR E A DPPH W fE DL E MY
J PR AR BN o A S o 45 U5 ek X bt 6 & B
21 fh A5 kT LLER R A AR AR P A AR TS 1
Hrh ABTS G FRBE 1 #¢ % T 61.39%, DPPH
WEIRBE I3 T 59.28%. I A, 3% bt e 45 B3¢
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Figure 10 Determination of ABTS free radical
scavenging rate of different Jiaosu. Different
lowercases indicate significant differences between
groups (P<0.05), the same lowercases indicate no
significant differences between groups. Error bars
indicate the standard deviation (n=3). The control
group is denoted by WS; Sea buckthorn Jiaosu
group is denoted by SJ; Sea buckthorn-highland
barley Jiaosu group is denoted by SQ; Sea
buckthorn-highland barley Jiaosu+M. purpureus is
denoted by SH.
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H S AT, VD0 ZH A T B A A LR B
FTE B oM 10.72x10° A1 10.01x10” CFU/mL.,
U T 20 2 R TR RN LR TR ) 3 D AR
T R (P<0.05), ULHATE R R, 40
a7 A AR P A i T RS R, D
HEY M MA R HEHBL R EER
(P<0.05), ULEATEBRIFA RS2 ma il A ) % &= 10
FERE, WHELMANEY R HEHAR
A WM R (P<0.05), HiRO%PTER 5T K
T IXUBR IS, A  ET ph 8 AT DR 2 B 7 A
FLRR A . LT LIS, vb 75 20 ih 28 ik
AYTE RS T H A ML i =i Af —
TEREK
212 WEHEOIMBEETENS . AL
RS EEE SRR XD

MR 6 I, HUAEALRE ) EEME S . &
B . BUIRIMLER . MK R 1 il 45 S 4 ) 3% 1E
R (P<0.01), FLEME . AR RDE Y 2 7k
i 2 U G (P<0.01), BRI fMH ¢
(P<0.05)o MERETRTE RECH Sl . SV . PR
MR . MK, D& A K& oA AL e ) S i I 25 A
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Table 5 Determination of live microbial count
with different Jiaosu

Sample Number of active Number of active
number Yeast/(CFU/mL) Lactobacilli/(CFU/mL)
WS <100c <100d

SJ (8.41£0.33)x10% (6.55+0.09)x10"b

SQ (8.59+1.44)x10% (5.17£0.06)x10"¢

SH (10.72+0.36)x10% (10.01+£0.19)x107a
Different lowercases indicate significant differences

between groups (P<0.05), the same lowercases indicate no
significant differences between groups. Error bars indicate
the standard deviation (n=3). The control group is denoted
by WS; Sea buckthorn Jiaosu group is denoted by SJ; Sea
buckthorn-highland barley Jiaosu group is denoted by SQ;
Sea buckthorn-highland barley JiaosutM. purpureus is
denoted by SH.
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