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Abstract: An in vitro digestion model was constructed to explore the digestion of Morchella esculenta after cooking with different
methods (boiling, baking, and steaming) and in terms of particle size (coarse powder and ultrafine powder). The microscopic morphology of
digested Morchella esculenta powder was compared, and the contents of reducing sugars, proteins, free amino acids, and total phenolics in
gastric and intestinal digestive fluids, as well as the DPPH (1,1-diphenyl-2-picrylhydrazyl) free radical scavenging capacity, ferric reducing
antioxidant power (FRAP), and 2-azinobis- (3-ethylbenzthiazoline-6-sulfphonate) (ABTS) cation radical scavenging capacity were simulated.
Following in vitro gastrointestinal digestion, baking treatment yielded the highest dissolution rate (followed by steaming then boiling) for
reducing sugars, protein, and total phenolic contents at 62.87%, 58.58%, and four times higher than boiled samples, respectively. The mean free
amino acids dissolution rate of the boiled samples was 40.40 mg/g and was higher than that of the baked and steamed samples by 18.77% and
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19.81%, respectively. Superfine grinding did not cause a significant increase (P<0.05) in the dissolution rates of reducing sugar and total
phenolics, whereas it caused a significant decrease in the dissolution rates of protein and free amino acids (P<0.05). No significant difference in
DPPH values was observed, but the FRAP and ABTS values varied significantly among the three cooking methods. The baking method yielded
the highest values, followed by the steaming and boiling methods. Superfine grinding did not cause a significant increase in the antioxidant

activity also. This study provides a scientific framework for the selection of appropriate cooking methods for Morchella esculenta, both for

industrial or household purposes.
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Fig.1 Microscopic morphology of morchella control powder,
gastric digestive powder, and intestinal digestive powder with
different cooking methods
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on the reducing sugar dissolution rates of Morchella esculenta
in in vitro digestivejuices
E: BN BFERR R T EAD R LR T B
AV F A P<0.05 KFEFRE, KEFEHRE KT FALDE
kF LB BRI 27 2%, TR
222 TTiEMHEE
M 3 st LUE e A8 L i),
JHE B R PV A VA R ] KT AN B ALY
Bt IX1 Jennifer 25 HRIE (1 & 8 A R TE K
o R AEAE I BB AR T N [ 5
HMZER (P<0.05), M CMR 1 SMR #¥ & ] %
HEEHERK, HGE CMS fil SMS, /b
CMB 1 SMB; £ 45 . iFi)s, CMR Al



MK EmBHL

Modern Food Science and Technology

2023, Vol.39, No.9

PEEE I 2 B L CMS A1 CMB #2175 29.14%.
74.18%, SMR 433t SMS #l SMB #2155 20.74%-
42.98%. Samadi S5 MR AN A T KB4
FHRRAVE TR, BERK T ENEOSE. &
il FK B, LA g T AR AL 3 25
il VRSO, R EL ISR FE R R A
s R LRSI, T RERfE IS EREEE
MTEIX =R AT, 2R ERRE S A, %
i) Ak B A ] A B ) AR AL AV R A
i1, T AES SRR B AR T A5 U DA BUE TR
RGO IXIE TG — B . F4h, b
T FK B e, 1 R PTVA MR R K, X AT RE
J2 I A B ) 2 B AT A I B U S R 1 R
o FRAMOR TR AT DA i 2 L TR R TE AR R A v R
1 PRI Hh 5 TR SR AT AT 9 1) Al B B S (R g A £
FR AL gE e — 8, (BRARFEMMELH B, 2
R EA—FE, TERIN B IHI BRI B3, 7E1K
SMGTEACI BEE BB E R, SE NG, Rk
MIEm T 41.83%, EARKIEHGIG, R
WIEE T 16.42%.

0 B R AL

100 - I A0 4.5

80
60

40

A A/ (ng/g)

20

CMB CMR CMS SMB SMR  SMS
T
[ 3 TEZITAIE . T EHEIERE X I R R iR
AR ERIAHEHNFNT
Fig.3 Effects of different cooking methods and crushing degrees

on the protein dissolution rates of Morchella esculenta in in vitro
digestivejuices
223 HBRIR
BEETHACHIREAT, ~EILTRA i s R
1, SSCR AR P A S 5 ) SRS MR A 07
FAR . FERE AR B, ANF AR DT N L
o (000 B 2 R AN ] R 1) /2 CMIB Al SMIB A it
TEARSN BB B, W T B A R R R AE T AL PR
A, (HEEIMNZHLE, &R R E
TEFTA AL s, KD 4R F-25°8 40.40 mg/g,
Syl Rs . ZEHIEH 18.77%. 19.81%. H AL
B A A S B R, St it — A, &
R IE— 25 oA — k. ORIz s e e,

KB @ AL mRiEd My bR AR, W AR or]
R, . 250, i =MEEr R, BRI
s, SR AR, =T 100 “CHISE
RS FEEA TGS MESE, EONER SR
A8 TR T B R SRR T Y, X AT RE K
il A 1) 2 R B U 2 S B R BRI R R 2 —
B R SRR B A R KA, FTREE A S
FiE T )RR ARG R E R, I ELE Rk msE
XFER, i ESE, EEEn EEALHE A  1)
W E R R T 8.41%.
45 ¢ C BEEAR o
b -c%ff;imrjmﬁ

40t
350
30
251
20 A
2 - AB AB
& i B
@15
& o}

o= I8 I8 IS IS I |

d
CMB CMR CMS SMB SMR SM
& 4 TEZIEAIE, TEEIEE X F I R RIS
R ERAHENN
Fig.4 Effects of different cooking methods and crushing degrees

A HIE / (mg/g)

S W

d
S

on the free amino acids dissolution rates of Morchella esculenta

in in vitro digestivejuices

224 %8
0 W A

S00F o R
& 400
B
£ 300} 2 d
i} e
H 200+
&
B f A

100 B

0 CMB CMR CMS SMB SMR SMS

HiERR
B 5 TEZELIE T EEIEE X I EM RIS
BEEAH SR
Fig.5 Effects of different cooking methods and crushing degrees
on the total phenolic contents dissolution rates of Morchella
esculenta in in vitro digestivejuices
MBS ATEUREL, I B E i B R h £
P H B ] KT AT, XU 2 I s
KR o R AE Bt e rp, xR R
LI 2 B E A RN A R ORI R I 25 2R —
Bl ZIRIMERNHLE, ANFR DT 200 2 W
A R (P<0.05). H5 i Kb FHBA 2 & 15

219



MR BRI

Modern Food Science and Technology

2023, Vol.39, No.9

AN, AR, ERRIEALE, R Ab
ENE Z MV R EEAR R AL R = T 4.69 1k
ﬁﬁ%?@%%%%%%ﬁ,ﬁﬁ%%m%MMﬂ
T, TR S R oy T b A,
1 A 2 2 Py v H BRI AT REAE SR K M 22 B BB 1)
EyRAL S RETREN K, 3 B S SRR A B 1 2
My S (K. S5k, A5 Tl m] DA A2 RSN S
W BOL RSN B, SMB H CMB #2142 7t
(P<<0.05), A AE Dt Ao A T ARt % i ) S A
AR 2B (BRI 2K R AR R %
Ry is H R ST PR

2.3 FEEAE M A LA

a~ 120 —E PR
115} — 7 e SR VAT

a

Vi
o

a

105
100
95+

15
10

1 i |

DPPH H HZEFRAE /1 / (mmol VeE/ mL

5
0 cmB CMR CMS SMB SMR  SMS
TR
b 800r 0 AR
'_,E* 700 - —w;a:m«mm
% 600 -
> 500
o
g 400 -
@ 300 F ;
E 200F E
Xl F
0 CMB  CMR SMB  SMR
TR
c A ] BRI
900 a ab -W%mmm
= 800 Ie
£ 700+
£ 600f
g2 5001
S 400
& 300 F
Z 200}
m
< 100 H
07"CMB  CMR SMR
EHETR
& 6 FRIZITAIE, NEIMFAEREE X EEELGE RIS
1LaEHIR T

Fig.6 Effects of different cooking methods and crushing degrees
on the antioxidant ability of in vitro digestive juices using
Morchella esculenta

220

1.0

DPPH | DPPH , 0.80
0.60
0.40
FRAP 0.092 FRAP / 0.20
0.0
ABTS 0.93 ABTS 020
~0.40
~0.60
£ 0.78 B4 0.80
1.0

QQ“Q\ & & A
*P<0.05
B 7 FRERBIHCRIIME IR 2B BIRHEX T
Fig.7 Correlation analysis of antioxidant activities and the total
phenolic contents of in vitro digestivejuices using Morchella
esculenta

AT B AU L) DPPH H HZETEREE S, Bk
BILJREET) FRAP, ABTS PHES T H tH2ETHRRAE
WA 7e, 45540018 6. DPPH 235 T A5 7442 (HAT)
SRR (SET) HLHISS1ER, didss Ha)s
FEl T SR RS, AR A B E R,
Kl 6a B, 1K5NE . Atz 2 RSN B L, F
JEBB ) DPPH A 1 BIR AU3RTT, FIREREINERL
B AR DPPH SEi&H & pH M85, (HEE X
AN B, AL T 22 5, X
2 B B ARy A S )RR, 2RSNE
L) DPPH Jo & PE 725, oA DPPH 70 &,

HEM (P<0.05),

FRAP RHETHH ¥ (SET) M|, St
HRIEEREFP. AKFT DPPH H IS FRAY
SRS A SR RSB B AL,
FRAP [HA AW & . AFRIFETT 200 FRAP EEZH
23 (P<0.05), #EHIALEfS1 FRAP EHE K, HIK
JEZRHIALEE, AL R, R R b 2t
HNE L e, BB ALIR 3.51 £
MHEAREE RARTHH LS FRAP {8, KA K mi
F AR 2 B PR E AT Rk T 2 2,
LRIy o P BUEECIE AT SO I T 206
FRERR AR SRR S TR VERE I SE RIS, R IBEE
BORRARICDN, BrEARE /T 2 TR, XhEER
DU R TERIA T2, 2SR .

ABTS Jedk T 774 (SET) M|, St [
A EPURRE P, ABTS fH %A1 FRAP 14
Ffbho FEHIERCOR, Z&HIK, EhlEN, BB TEEA
REA BT HEAL S 1) ABTS 1E.

B HBERPTRACIERE il 510 TR EYa
5, AR A, Rk, R R



MK EmBHL

Modern Food Science and Technology

2023, Vol.39, No.9

WPTEIGRE ) 5 By & AT A O E A, HEE R
WK 7 Fizn. DPPH 5 Ry [AIAF1E & 2 IEAH S
(P<<0.05), Tfi FRAP {51 ABTS {8 FlLs & B2 [A]
MR R E (P<0.05). DPPH ML S REAZH:
S SN R, 4R B TR A AR, (E2E
IR FIPTE AU S Z AR, REaaYE. 2hEsE
WEA —ZRHEM S, AR ABTS 522
A AN B2 1 J5 R FRAP [0kt Fe? 38 5K Fe?*
G S), T4 -OH. -SH. -COOH. -PO;H,. -COO.
-NR, -S-Fl-O-WFhEH A LA BB e ARG 4
BB RESDY), IXTTREIG N FRAP 52BN B 5.

3 Zig

ENTIEE S e B WO e N g U AL =)
BB E AR, EEE. EER. £
TSt B e S T AL BN B vy, 28R LI, IR
Horh B BRI NE . RO, 2 AR A
PRI 62.87%- 58.58%- 4.69 15 Ui B R ILIRIA
W, AEllEE, HUURES], ZATIRAK, &5
FIZERLTE, AR 408 T4°8 40.40 mg/g, 43l tL)E
Hil. Z&HI T 18.77%. 19.81%. ABICKHFEARRER Bk
EEIVE IR RS 2B, (AT
R RS EERIE . B DPPH:
TR RE 1A B35 2 5, {H FRAP Al ABTS i5FRAE S
Zem i, IR R, HUORZER], EHRK.
RO AN e ST 2 R BRSSP A A K
o ABIFFA AR BN L DL SR P SRR
WICHE, F4h, AR HORE T RSN T AL,
ETREB D0, RN R TI . &M, FF
AR EBOKEYMRE D&M, fEndadtE, SKkE
FERBIRN, FAEREBIEA AT . BIRER
WETEEA. RESAgEat, HEETHINTH
ST ORI, R A EYR A, KB
BE R EMN, MR EHE— DI,

(1] AR B0, R G EE, 55 S [ AR TR Bk A
JEHEB[]. T R AMAH,2020,61(8):50-53.

[2] Hibbett David S, Binder Manfred, Bischoff Joseph F, et al. A
higher-level phylogenetic classification of the fungi [J].
Mycological Research, 2007, 111(5): 509-547.

[31 YANG Cailing, MENG Qingfeng, ZHOU Xuan, et al.
Separation and identification of chemical constituents of
morchellaconica isolated from Guizhou Province China [J].

Biochemical Systematics and Ecology, 2019, 86: 103919.

[4]

[10]

[11]

[12]

[15]

CAI Zhengnan, LI Wan, Mehmood Shomaila, et al. Structural
characterization, in vitro and in vivo antioxidant activities of a
heteropolysaccharide from the fruiting bodies of Morchella
esculenta [J]. Carbohydrate Polymers, 2018, 195: 29-38.
Martinus, Van, Boekel, et al. A review on the beneficial
aspects of food processing [J]. Molecular Nutrition & Food
Research, 2010, 54(9): 1215-1247.

Volden Jon, Borge Grethe Iren A, Hansen Magnor, et al.
Processing (blanching, boiling, steaming) effects on the
content of glucosinolates and antioxidant-related parameters
in cauliflower (Brassica oleracea L. ssp. Botrytis) [J]. Food
Science and Technology, 2009, 42(1): 63-73.

Yang W, Lu X, Zhang Y, et al. Effect of cooking methods on
the health-promoting compounds, antioxidant activity and
nitrate of tatsoi (Brassica rapa L. ssp. Narinosa) [J]. Journal
of Food Processing and Preservation, 2019, 43: e14008.

JE T AT R B A, S5 PN T 05 2O 7 g SRR PR AT
PrEATE RS2 ] £ R RH42,2021,42(15):106-114.

Tan Y S, Baskaran A, Nallathamby N, et al. Influence of
customized cooking methods on the phenolic contents and
antioxidant activities of selected species of oyster mushrooms
(Pleurotus spp.) [J]. Journal of Food Science and Technology,
2015, 52(5): 3058-3064.

Tirosh O, Shpaizer A, Kanner J. Lipid peroxidation in a
stomach medium is affected bydietary oils (olive/fish) and
antioxidants: The mediterranean versus western diet [J].
Journal of Agricultural & Food Chemistry, 2015, 63(31):
7016-7023.

Kanner J, Lapidot T. The stomach as a bioreactor: Dietary
lipid peroxidation in the gastric fluid and the effects of
plant-derived antioxidants [J]. Free Radical Biology and
Medicine, 2001, 31(11): 1388-1395.

Van H T, Ho P L, Goethals S, et al. The potential of herbs and
spices to reduce lipidoxidation during heating and
gastrointestinal digestion of a beef product [J]. Food Research
International, 2017, 102(dec.): 785-792.

Sobral M, Casal S, Faria M A, et al. Influence of culinary
practices on protein and lipid oxidation of chicken meat
burgers during cooking and in vitro gastrointestinal digestion
[J]. Food and Chemical Toxicology, 2020, 141(5): 111401.
QIN Yin, WANG Lu, LIU Yufeng, et al. Release of phenolics
compounds from Rubus idaeus dried fruits and seeds during
simulated in vitro digestion and their bio-activities [J].
Journal of Functional Foods, 2018, 46: 57-65.

Minekus Mans, Alminger Marie, Alvito Paula, et al. A

221



MK EmBHL

Modern Food Science and Technology

2023, Vol.39, No.9

[16]

[17]

[19]

[20]

[24]

[25]

[26]

222

standardised static in-vitro digestion method suitable for
food-an international consensus [J]. Food & Function, 2014,
6: 1113-1124.

75 B R 1, A AN R TR A 2 5 AL 2 AR
i SRR BT[], B R 27,2020,41(20):249-255.

LU Qi, LV Siyi, PENG Ying, et al. Characterization of
phenolics and antioxidant abilities of red navel orange
“caracara” harvested from five regions of China [J].
International Journal of Food Properties, 2018, 21(1):
1107-1116.

WU Dingtao, NIE Xirui, GAN Renyou, et al. In vitro
digestion and fecal fermentation behaviors of a pectic
polysaccharide from okra (Abelmoschus esculentus) and its
impacts on human gut microbiota [J]. Food Hydrocolloids,
2021, 114: 106577.

YIRS, A4, T, S5 AR AMEILTH A0 & B0 A
YRR & FRHE,2018,39(5):33-39.

XU Feng, ZHENG Yonghua, YANG Zhenfeng, et al
Domestic cooking methods affect the nutritional quality of
red cabbage [J]. Food Chemistry, 2014, 161: 162-167.

B 2 R R A AV L 7 o ST P R
FEI GC-MS 707 [J]. & d: TolkRH,2015,36(17):281-285.
S AR X TR AR (K78 7R F BTN AL I 52 D).
Jeat AR RFERE,2019.

Jennifer E N, Gareth A W, Spyropoulos F, et al. Designing
food structures for nutrition and health benefits [J]. Annual
Review of Food Science & Technology, 2014, 5: 177-195.
Samadi, P Yu. Dry and moist heating-induced changes in
protein molecular structure, protein subfraction, and nutrient
profiles in soybeans [J]. Journal of Dairy Science, 2011,
94(12): 6092-6102.

W P08, SR IL T LA R BE M S S R SR
W] A% AR 24412,2020,34(3):547-555.

Andre Brodkorb, Lotti Egger, Alminger Marie, et al.
INFOGEST static in vitro simulation of gastrointestinal food

[27]

[29]

[30]

[31]

[32]

[33]

[36]

[37]

digestion [J]. Nature Protocols, 2019, 14(4): 991-1014.

Kiela P R, Ghishan F K. Physiology of intestinal absorption
and secretion [J]. Best Practice & Research Clinical
Gastroenterology, 2016, 30(2): 145-159.

Badawy A B. The ezfaast family of amino acid analysis kits:
Application of the gc-fid kit forrapid determination of plasma
tryptophan and other amino acids [J]. Methods MolBiol,
2012, 828: 153-164.

Kosanic M, Rankovic B, Dasic M. Antioxidant and
antimicrobial properties of mushrooms [J]. Bulgarian Journal
of Agricultural Science, 2013, 19(5): 1040-1046.

Palermo M, Pellegrini N, Fogliano V. The effect of cooking
on the phytochemicalcontent of vegetables [J]. Journal of the
Science of Food and Agriculture, 2014, 94: 1057-1070.
Brewer M S. Natural antioxidants: sources, compounds,
mechanisms of action, and potential applications [J].
Comprehensive Reviews in Food Science and Food Safety,
2011, 10(4): 241-247.

FRL AT TR, R AR AR, A AN P AR TR T 1 22 B 4L A
LA R TR FE )] B 27,2015,36(7):6-12.
W7, 50T X5 R 55 PR JLE T P9 2 R AR A
[7]. & AH#,2010,31(23):76-78.

F I B A AN RN 07 2O 26 I KSR R
KA AP ERE R REMA[T]. £ i TV RHY 2022,43(15):27-33.
Nevcihan Gursoy, Cengiz Sarikurkcu, Mustafa Cengiz, et al.
Antioxidant activities, metal contents, total phenolics and
flavonoids of seven morchella species [J]. Food and
Chemical Toxicology, 2009, 47(9): 2381-2388.

R Amarowicz, R B Pegg, PRahimi-Moghaddam, et al.
Free-radical scavenging capacity and antioxidant activity of
selected plant species from the Canadian prairies [J]. Food
Chemistry, 2004, 84(4): 551-562.

PN 28 TR, VAR 55 R I B 8 IR 3R L THRER T AN DR A
THRERT T [T]. & W RHE,2019,40(5):323-328.



