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Table 1 Cordyceps militaris milk flavor evaluation criteria

A AT P e
#vR (50 4°) ok Fok R EF 4R F ki £ 1~15
ok FoR AR E MR F kR £ 16~32
4 R Fokid i 4k 5ok A a 33~50
Ak (50 %) 4k FAKRE ke 1~15
R EAAE ok 16~32
4ok A RE P Wik P A0 33~50

1.3 ESEARKAMAREIMNRFHEME
TR RAE

FE 2 AR AT AR AN 1 0 S 5 4 G Bl RN
FEME, ELAR 50 mm, -5 PPSO A9 AN 85 50 #E A, 4k
fii 1°, B 37 °C, Gap fH 1.000 mm , 5§ ¥] # R
0.01~100 s, ZEIM &/, FF S BCE RN B R 5T,
BB SR 180 s, AR HE 45 44 Pk &2 A i
TE o BN (A AE BT VI 50 s B 6 B
SRR TR A v DA R D) B TR SR WA PRI R R
4w AU 50 s Y BY U S AR Sl DAL 2 WL B
Ji | DA PR A I 0 BR o
1.3.1 RAWAT HWE 75 1.3 590 & 1
A TAE SRR A AR AT I E
1.3.2 SRR MG e & 8 T Y
i P R P P R B R 9 AR I AR AL, R R R
s DR, A5 RV AR 0.19%~100% , £A Bt

£ 0.1~100 rad/s,
1.3.3 SR HINE LR N,
E N [F) I (15~80 °C), A [] #1451 % (0~100 rad/s )
T E SRR PR i R R L O A BE AR A (G AN
PAEA I (G ) MM A8 Ak, A4 3R
I AE 10% , %5 A 180 s, PP50 HEAR .
1.4 IR B /NG LRI

W T B M Y 7 4 1R 5T, 4 400xg 250 10 min,
1 T U B S e b B N i g A = DU IR LG
FLEES IR A, 37 CHFR 2 min, #i K 5 min,
A R R v ) A R T

W 3 o MERTH AL RS 4.0 mL A TR )
TRAT, P pH HZ 3.0,37 CHFE 2h, WH WG,
WO AR, WK 5 min, BOEE AT, N TR 4D
B H 3.6 mL 19 E H# 5 (0.053 mol/L. NaCl,
0.15 mol/L. KC1,0.001 mol/L. CaCl, -2H,0,0.007
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mL ZEIE K ) R
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Fig.1 Cordyceps militaris milk flavor score

and protein content
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Table 2 The mass fraction and apparent viscosity
of thickener used to prepare different

Cordyceps militaris milk

y L WAL R
G ¥ 48 5
F54/%  ()/Pa-s
CM-WP-XG XG 1 1.986
CM-WP-KC KC 24 0.885
CM-WP-CMC CMC 1 1.009
CM-SPI-XG XG 0.16 1.548
CM-SPI-KC KC 5 1.201
CM-SPI-CMC CMC 0.6 1.826
L RLEE 37 °CL, 85 U13d % 50 571
fdi 1 Herschel—-Bulkley 1 B FmR 2 80 Fa A8

PRI R AL S RO 3 JE AR L T (8,)
FORFE AT R TR S N T B NI UI Y T, 5K
PN RS G B A S0, i 45 /9 6, Al LA A
TARMRR BB, X T T
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Table 3 Flow rheological parameters of steady—-state
flow behavior of different protein—rich dense

Cordyceps militaris milk

# o K/Pa-s n S5y/Pa R? /Pa-s
BYZE B n E/NT 1 R A A T / "
TR R FIE A AR 7 I CM-WP-XG 324 061 4357 099 1986
3 - [134: ’ H - CM-WP-KC ~ 1.69 066 177 100 0.885
ek AL B, - ‘ CM-WP-CMC 848 035 — 099 1009
222 T U S R B G AR RAE CM-SPI-XG  7.79 056 1262 099  1.548
Fl 2 BoR T 37 C T AR & & 8 1 0 v B8 i & CM-SPI-KC ~ 11.06  0.44 — 099  1.201
FLI A RE B B (G) I FE AL 5 (G7) R Pt #E FR KL CM=SPI-CMC  46.11  0.30 099  1.826
(Tand ) (H FEA R AR AL, AT DUULER R ZE Tl A A5 e 37 CL 0 Wl 50 7!, “— R Al

RN, A S B GERE T GME X F£ W
FIT AT R 35 3 B0 A 55 O B AR R RS, A | i
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Fig.2 Relationship between energy storage modulus (a), loss modulus (b) and loss coefficient (c¢) and

angular frequency of different protein—rich dense Cordyceps chrysalis milk at 37 C
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Table 4 Gel properties of different protein—rich dense Cordyceps militaris milk at 37 °C

IS R A B

# 5
n’ n' Go~Gy'

CM-SPI-XG 0.0001 + 0.0000° 0.0003 + 0.0001° 996.30 + 187.73¢
CM-SPI-KC 0.0004 + 0.0000° 0.0009 + 0.0001° 290.62 + 29.39¢
CM-SPI-CMC 0.0002 + 0.0000° 0.0006 + 0.0001° 613.41 +33.12"
CM-WP-XG 0.0015 + 0.0002° 0.0065 + 0.0011" 93.02 + 14.03¢
CM-WP-KC 0.0062 + 0.0011" 0.0093 + 0.0011" 10.83 +0.70
CM-WP-CMC 0.0143 + 0.0035* 0.0237 + 0.0057¢ 5.26 + 0.04¢

T AN NG PR RIRTE P<0.05 KT F2e 5 B3 FIF .,
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Table 5 Viscoelastic parameters of different protein-rich dense Cordyceps militaris milk at 37 °C

Rh Rk A A

#

G'[Pa G"/Pa G'/Pa n'/Pa-s Tand
CM-SPI-XG 2564.60 £494.17* 85435 +161.18* 2 985.80 + 231.08" 121.39 £23.13° 0.33 +£0.03°
CM-SPI-KC 696.18 + 107.73¢ 304.35 + 46.59° 759.82 £ 117.20° 34.11 £5.26° 0.44 £0.01"
CM-SPI-CMC 1305.15+114.62" 52642 +43.85"  1407.30 = 112.75" 56.80 £ 11.73" 0.42 +0.03"
CM-WP-XG 191.55 +27.61¢ 44.08 + 6.79¢ 196.55 + 28.42¢ 8.82 + 1.28¢ 0.23 +0.01¢
CM-WP-KC 46.84 + 9.35¢ 30.45 + 3.59¢ 59.88 +9.87¢ 2.51 +0.44¢ 0.66 + 0.07°
CM-WP-CMC 20.53 +4.95¢ 12.44 +3.25¢ 24.01 = 5.88¢ 1.08 + 0.26* 0.61 £ 0.04°
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Fig.3 The relationship between energy storage modulus (a), loss modulus (b) and loss coefficient (¢) and

angular frequency of different protein-rich dense Cordyceps militaris milk at 15 °C to 80 C
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Table 6 Flow rheological behavior parameters of protein-rich dense Cordyceps militaris milk
during gastrointestinal digestion in wvitro
HA A HACHE S
W CM-SPI-XG CM-SPI-KC CM-SPI-CMC CM-WP-XG CM-WP-KC CM-WP-CMC
=g n 0.49 £0.050°  0.71 £0.010" 0.87 +0.010° 0.24 + 0.080¢ 0.16 + 0.030° 0.85 + 0.020¢
K/Pa- 4.48 £0.620"  1.63 +0.050" 0.75 £ 0.070" 491 +0.300" 49.57 +5.570° 0.05 +0.010"
R? 0.99 0.99 0.91 0.99 0.99 0.95
n/Pa- 0.85 £0.040"  0.76 + 0.230° 0.56 + 0.070¢ 0.34 £0.010¢ 1.02 + 0.020° 0.05 +0.010°
" n 0.52 £0.250  0.71 £ 0.010* 1.63 +0.260* 0.31 +0.050¢ 0.87 + 0.060" 0.81 +0.100"
K/Pa- 0.15+0.120"  0.03 £0.010* 0.0001 = 0.0001° 0.41 +0.130° 0.04 £0.010™  0.003 + 0.0004
R? 0.99 0.99 0.91 0.99 0.99 0.82
n/Pa- 0.03 £0.007°  0.01 £0.0003*  0.02 +0.002" 0.03 + 0.0004* 0.04 £0.006"  0.002 + 0.001¢
2Ny n 0.30 £0.140"  0.61 = 0.080" 0.64 +0.130° 0.19 £0.330 0.45 £ 0.080" 0.004 + 0.004*
K/Pa- 0.24 +0.050*  0.04 +0.020° 0.05 + 0.040° 0.76 + 0.270° 0.11 +0.020* 0.85 + 1.480¢
R? 0.99 0.99 0.99 0.99 0.99 0.74
n/Pas  0.04+£0.001"  0.03 +0.002° 0.03 + 0.003¢ 0.06 + 0.001* 0.03 +0.00007¢ 0.0003 + 0.0001¢
. o WCMSPLXG ~ MCM-SPLKC M CM-SPL-CMC
&0 W CM-SPLXG W CM-SPLKC M CM-SPI-CMC & 0.09r CM-WP-XG ~ WCM-WP-KC M CM-WP-CMC
2 o CM-WP-XG ~MCM-WP-KC M CM-WP-CMC E o0st ‘i
i]sj %/ e dc¢bec ﬂm E 007
pi .2”5 41 E 0.06
o Sum E _q; Z'zi
Eﬁﬂi 'E 1.65 rE
ol = & 0.03
?ﬁ 31460 o 002
= £ oo
g U P 5 & 0.00
9 HALHET Dﬂlw o = N7l WALET A 5 N
“/é! ’f'!SIKJI Bt THAL B B
Digestive stage/\Jg Digestive stage
(a) A 6 1 A 5 (b) T PE K Y 5 42
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o4
£
qn G030
& —oas
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ogoos|
= 000
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Fig4 The protein digestibility of protein-rich dense Cordyceps militaris milk before and during digestion in vitro
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Study on Rheology and in Vitro Digestion of Dense Cordyceps militaris Milk Rich in Protein

Wei Shijie', Su Cuixin', Chang Mingchang'*", Meng Junlong'?, Feng Cuiping'?, Cao Jinling'?, Yun Shaojun'?,
Xu Lijing'?, Geng Xueran'?, Cheng Feier'?, Cheng Yanfen'*
('College of Food Science and Engineering, Shanxi Agricultural University, Taigu 030801, Shanxi
“Shanxi Key Laboratory of Edible Fungi on Loess Plateauw, Taigu 030801, Shanxi
iShanxi Engineering Research Center of Edible Fungi, Taigu 030801, Shanxi)

Abstract In order to study the rheological and in witro digestive properties of protein—rich dense Cordyceps militaris
milk, whey protein isolate (WP) or soybean protein isolate (SPl) were added to make the protein content of Cordyceps
militaris milk more than 10%, and thickening agents Xanthan gum (XG), Kappa—Carrageenan (KC) or Carboxymethyl-
cellulose sodiu  (CMC) were added. The fluidity, viscoelasticity and digestive properties were determined. The results
showed that all samples exhibited weak gel behavior, apparent viscosity (): CM-WP-XG (1.986 Pa-s) > CM-SPI-CMC
(1.826 Pa-s) > CM-SPI-XG (1.548 Pa-s) > CM-SPI-KC (1.201 Pa-s); Gel strength (G,'-G,") and compound modulus
(n): CM-SPI-XG (996.3 and 121.39 Pa-s) > CM-SPI-CMC (613.41 and 56.80 Pa-s) > CM-SPI-KC (290.62 and
34.11 Pars) >CM-WP-XG (93.02 and 8.82 Pa-s); Loss coefficient (Tand): CM-WP-KC (0.66) > CM-WP-CMC (0.61)
>CM-SPI-KC (0.44) >CM-SPI-CMC (0.42). In vitro digestion showed that CM-SPI-CMC (0.3096%) and CM-SPI-XG
(0.3033% ) had higher content of free amino acids. Meanwhile, by comparing G* and Tand, Cordyceps militaris milk
with high G* and low Tand was more suitable for people with dysphagic difficulty. According to the above comparison,
CM-SPI-XG and CM-SPI-CMC had good elasticity and deformation resistance. More conducive to dysphagia and the el-
derly eat. In conclusion, CM—SPI-XG is the best combination suitable for patients with moderate dysphagia or the elder-
ly. This study demonstrates how protein—thickener interactions and food substrates determine the rheological and digestive
properties of samples, providing theoretical support for dysphagia and dietary needs of the elderly.

Keywords Cordyceps militaris ; difficulty swallowing; thickener; flow viscoelastic; in vitro digestion



