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Effect of L-theanine on intestinal immunity of rats
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EEZ

QU Qing-yun'

B

XU Wei

WoOR!

HU Yuan'

R
LI Yin-hua'
. WFELRI K% R EHEWEATRE. . HE KD

FIFH TR AR S0 W K

x4 B E?
GONG Zhi-hua' XIAO Wen-jun'*

41012852. 1 B AR Ml R 2 [ S AR W) 2 e AL
410128)

(1. Key Lab of Tea Science of Ministry of Education, Hunan Agricultural University, Changsha , Hunan

410128, China; 2. National Research Center of Engineering Technology for Utilization of Botanical

Functional Ingredients , Hunan Agricultural University, Changsha , Hunan 410128, China)

WE - HHN WA RREEDREBEXT L-F2B S X KW
W RR ARG TAER, Fik xRk g
KT 4 Ads SD bk X #4728 d RA A & L-F A8
(100,300,500 mg/(kg + &) JF K%, X RREEN S
L-ZRBMALEHRSRKAME LAEDRGATER, &
ReABRHREBRXT. P .EANZTAL-FARED
F ¥R AR E IS W L LA R AL AL B (SOD) |
B BH AR it B4 M B (GSH-Px) & M, Ak = i | — 8%
(MDA & 28 MBAH T FH mw i a A F-40-
) AMNZ-10L-10) 8§ £ ik F ., 474 & A~ F-6 (IL-6) A
B E Fa(TNFa) W AL T . RELAEKEFG A
(IgA) # A KT, B B A6 38 A & i iy B - Rk (Gl |
AR B (Gn) & %, #2# 3 W X A A B
(Bifidobacterium) & % % ¥ /& 9 (Prevotella 9) . % %
B K E & (Blautia) ¥ A 3 WA F AR IKBER EH s8R
A H# & (Helicobacter) #= &\ i 45 I, A /& (Parasutterella) &
P (P<0.05), 3, # A1 # L-Z A8 [300 mg/ (kg « d) ]
HRFAE, B RABEEHKEEXNT L-F A% KR
Wi R R ARG RBAR S CFEHERE/REE T,
FZBGuE Gn A F REMBERABEMETRATHER,
ERER REED L-RFRABG KRB ERATH; Hid
R
Abstract: Objective: This study aimed to explore the effect of L-
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theanine on intestinal immunity of rats under resistant starch
feeding. Methods: Different doses of L-theanine [ 100, 300,
500 mg/ (kg + d) ] was performed for 28 days in 4-week-old SD
male rats by filling the stomach once daily under resistant starch
feeding, in order to investigate the regulation of resistant starch
combined with L-theanine on intestinal immunity. Results: The
results were shown as follows the medium and high dose groups
of L-theanine significantly increased the weight of rats, and im-
proved the activities of ileum SOD, GSH-Px with reducing the
content of MDA under resistant starch feeding; Pretreatment
with L-theanine at different dosages improved the expressions of
1L-4, 11.-10, lowered the levels of 1L-6, TNF-q, increased the
level of IgA in ileum significantly. At the same time, L-theanine
could heighten the contents of glutamate and glutamine in each
small intestine, and improve the relative abundance of beneficial
microorganisms such as Bi fidobacterium , Prevotella_9 . Blautia
reducing the proportion of intestinal harmful microorganisms Helico-
bacter and Parasutterella (P <0.05). Consequently, the medium
dose group of L-theanine [300 mg/ (kg * d)] combined with resistant
starch had the best effect. Conclusion: Under the resistant starch feed-
ing, L-theanine can enhance intestinal immunity of rats by improving
antioxidant capacity, balancing the levels of pro-inflammatory and
anti-inflammatory factors and raisng the contents of glutamate and
glutamine. In addition, it can also ameliorate the structure of intestinal
bacteria to affect intestinal immunity.

starch; L-theanine; dietary pattern;
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Table 2 Effects of L-theanine on the weight change and average daily feed intake of rats

under resistant starch feeding g
RE -
2451 - - - - - T AR A HERAE &
80K CUNIPN %14 K %21 K 528 R
CK A 161.7346.62* 233.22412.97* 304.71+£13.76* 358.31413.88* 388.41+£16.92* 226.354+12.60%" 24.254+1.17¢
CK B 168.614+13.05* 241.9149.14* 316.2611.61* 349.12+24.60* 377.33+29.92* 209.12433.52" 23.2841.64
LTA 100 166.71+£10.61% 240.33£11.26* 304.11416.54* 356.22423.43% 389.44£34.09% 223.42425.08% 24.0940.97¢
LTA 300 171.24+15.11* 249.654+17.01* 315.86+19.99* 359.334+13.88* 402.714+16.03* 231.87+14.29* 24.16+1.24°
LTA 500 163.93£10.74* 241.974+11.86* 307.81+£16.98* 353.67422.64* 397.19427.32* 234.12+19.23% 24.27+0.75°
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Figure 1 Effects of L-theanine on SOD., GSH-Px., iNOS activities and MDA content in ileum of

rats under resistant starch feeding
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Figure 2 Effects of L-theanine on the levels of cytokines in ileum of rats under resistant starch feeding
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Figure 3 Effect of L-theanine on the content of IgA in il-

eum of rats under resistant starch feeding
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Table 3 Effects of L-theanine on the contents of Glu and Gln in intestinal of rats under resistant starch feeding
pmol/g
R =377 = @Y7}
20 51
Glu Gln Glu Gln Glu Gln
CK A 113.17+20.04* 13.2741.29* 138.24+17.10* 14.314+£1.782 99.984+11.55° 10.35+1.64%
CK B 64.0249.85¢ 6.61+0.864 97.5846.39¢ 8.5041.024 96.2446.69" 9.43+1.38"
LTA 100 79.0147.76"¢ 9.1941.08¢ 107.38417.74¢ 10.40+1.25¢ 100.934+11.48" 9.82+0.93%
LTA 300 84.84411.74" 11.59+1.16" 116.62+12.86" 12.59+1.20° 106.83+13.87 11.424+0.562
LTA 500 92.85416.87" 11.83+1.520 128.13+23.85% 12.94+1.21° 120.4446.03* 11.324+1.542
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5 RULIER M 33K B, 5 HAEA P
R EH B EFEREE 9(Prevotella_9) HAFH )& (Lac-
tobacillus) B F 5 J& (Parabacteroides) Fl AT 6 B A& fiy
% J@& (Muribaculaceae _norank), 4 4~ J@ #H Xt F B 5 b
5096 Lh b, BEIURH X F BE T 30 47 1Y J@ ifE AT 35 M 25 R 4y
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T EE . BB E R R 4 )8 (Lachnospiraceae _norank) .
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Table 4 Effects of L-theanine on the richness and diversity of intestinal bacteria in rats under resistant starch feeding

45 ACE 5% Chao %k Shannon % Simpson $5 4 T e R R B/ %
CK A 533.82431.27" 541.58+31.81" 3.9040.40" 0.064-0.01° 99.7640.00°
CK B 551.09425.42" 566.334£23.13% 3.9340.19% 0.0640.01% 99.7640.00°
LTA 100 568.72420.19"  568.15420.68% 4.3040.21% 0.0440.01" 99.7940.00°
LTA 300 577.374+14.06%  577.55415.41% 4.2840.14% 0.0440.00" 99.7240.00°
LTA 500 604.31£22.43¢ 601.46£31.75° 4.3740.11° 0.0440.01° 99.7640.00°

T AS/NG TR R R 22 5 2% (P<C0.05),
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Figure 4 Effect of L-theanine on the structure of intesti-
nal bacteria in rats at gate level under resistant

starch feeding
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Table 5 Effects of L-theanine on the relative abundance

and ratio of Firmicutes and Bacteroidetes of in-
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starch feeding
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Wh I T O AR 2R AT 14 Ty R 5 AT Y i T X 5 B IR
AT B e RS BIAF R % TR IR B 9L A D7 4
KT8 T 505 6 Y it SCFAs (7 24E 4 6, Bl N
JE A5 R T BT AE 35 A TR . SCFAs S0 I8 W5 75 K M 79 ok
i T TR A 2 R A i S AR R ) L R TN R
MTRED . RS =2 A A 350 2.
WL B B S HIRE R 9. 97 4R R
BEE TRM 4, il - Rt ae . 5
CK A 4AH L , CK B 41 BUBCAT B R - @I AT 1 L A 55 45 1K
BB S5 B T BRI (P <C0.05) . 6 W Bt P T b B 38 3 5%
Wi SCFAs F=/: i ik A 2 B A K . 5 CK B 414
H . LTA 300, LTA 500 4% K@ 9. RIAT & )& . A 57
i FC T i 2 B S N (P <C0.05) , ] g2 L-ZX & MR AETR
U 3t 4 B T A A 0 R R 0 TR ZE R SCFR AP0 g
M i 3 PR PR B A R A 2 T AR R I R . IR AT
BRI R R R S B R AR O B T MR R
e — 8 O B E A AL N B 5 A AE D s S 4
KR FE RIS FREREAL. 551885 ME A 1E.
BERHES, F6th,5 CK AHAH,CK B W12
FE B I B AR G P 45 TR B B R AR (P <C0.05) , A RE 5 4t
PEE R A B 1 pH A 4080350 20 A F B KA kDY
5 CK B4IAHH . LTA 300, LTA 500 21 H4 | 1 W2 AT 1 . @l g
WG B BRI (P<C0.05) , Al RE 2 th T L- X A M fig

Mollicutes_RF39_norank Prevotellaceae_unclassified

Blautia Ruminiclostridium_5
Lachnoclostridium Lachnospiraceae_unclassified
Romboutsia Lachnospiraceae_norank
Marvinbryantia Roseburia

Parasutterella Fusicatenibacter
Ruminococcaceae_UCG-005 Helicobacter

Ruminiclostridium_9
Bifidobacterium
Bacteroides

Treponema_2
Prevotellaceae_NK3B31_group
Alloprevotella
Lachnospiraceae_NK4A136_group
Muribaculaceae_norank

Desulfovibrionaceae_norank
Ruminiclostridium_6
Ruminococcaceae_NA4A214_group
[Eubacterium]_xylanophilum_group
Ruminococcaceae_UCG-014

Parabacteroides
Lactobacillus
Prevotella_9

MR KRBT L-F R T oK Ly X R i ) AF 45 #09 %vl

Effect of L-theanine on the structure of intestinal bacteria in rats at genus level
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Table 6 Effects of L-theanine on the relative abundance of intestinal bacteria in rats at main genus under

resistant starch feeding

A/ %
" CK A CK B LTA100 LTA300 LTA500

L E RS 9 16.90+4.22>  16.1743.69>  25.234-5.49*  31.184-6.83*  31.078.09*
AR 0.53+0.19¢ 6.99+2.15" 7.89+2.51%  13.48+3.29° 9.27+2.40%
FURF B Bl K i 44 TR 10.81£2.04*  13.9043.66* 6.7141.87% 2.50+1.09" 6.93+2.17%
LI R NK4A136 S 1.6540.39b 2.2740.82"  4.15%£1.40"  3.9041.06%  5.2242.01°
% R KR 7.0141.42% 2.2040.67"  3.48-1.46° 4.07£1.42  4.1641.34%
WE R H A NK3B31 BEE 5.8341.21% 6.4942.12°  4.41£0.79% 1.1820.41" 0.754-0.23"
A T SRAT T R 4.20+0.28° 3.05+0.25" 2.79+0.65° 1.9940.57¢ 1.504-0.42¢
BIRER R LR 0.284-0.12¢ 0.7140.26"  1.760.417 0.324-0.13¢ 1.1040.37
o HREE 5 0.2840.09¢ 0.9440.12>  1,0940.40" 1.68+0.54* 1.18+0.38%
VNN 0.3940.11° 1.044-0,34% 0.9740.19° 1.0540.35¢ 0.900.31%
HUFFE R 0.40+0.14° 1.5740.43% 0.69+0.29 0.74+0.24®*  0.6940.17%
XUEFT 1 i 0.1240.03¢ 0.36+0.14" 0.5540.20 0.61+£0.21®  1,1240.28¢
A BE R K T R 1.484-0.34% 0.7340.13>  0.46£0.16*  0.2924:0.10° 0.2340.09¢
0 55 5 I & 0.1740.07¢ 0.49240.15° 0.514:0.15" 0.840.12° 0.940.22¢
T B RE P AR E BT 30 A7 A 3 M 25 B TR E 5 [l BN RN R 3ROR 25 5 3 (P<C0.05)

fRHEFLIR S SCFAs iy £ B 3tk — B B AR 3E pH (.
HE LT TR R IR BB R L2 iR vl 3 4
10 4 A R RIS AE g 24 B 2 R AR O R B OR 0
RS
3 i
TR W AEPUEE B R B B AT L2 R i
gﬁﬁfﬁ,#h‘ﬁ%ﬂ%ﬁ%%iﬁ ’fﬂtrjbj}‘ﬂﬁéﬂﬁ
/BIRHAF R EBHIE Glu 5 Gln & &, 1Y 38 1 18 5%
BRES . T —Jr T L RERL I 1 B i I A T T 2 R L
. Jﬁifﬁf A R 3 6 T G 2 T R (R AR L AT
— PRI

FHM?%}‘“

—\\ o

5% 3k

(1] B2, W), (W], 25 slgA 15 8 S5 A S 5o P 55
B ST SRR [T). BE AR 23R, 2021, 27(13): 2 529-2 533
CAO Xing-xing, HU Li, HE Yan-ming, et al. Research advances of
secretory intestinal
autoimmune diseases[J]. Medical Recapitulate, 2021, 27(13): 2 529-
2 533.

[2] I, F5 5 M 38 286 158 S g I LS T ) 08 3R R R ). BRIk,
2020(19): 44.

immunoglobulin A in immunity and

LIN Feng. Animal and poultry intestinal mucosa immunity and its
main nutritional factors[J]. New Agriculture, 2020(19): 44.
ZHR. KBNS 7 B G b W E TR T X e AR B E

DIhE K AL G DI RE RS IR ). b [ R BT 5, 2021, 29(4):
75-77.

QIN Yan-zhi. Influence of nasal-fed combined intestinal nutrition

therapy of Rhubarb and Rhizoma Chuanxiong Decoction on intesti-
nal function and body immune function in critically ill patients[J].
China's Naturopathy, 2021, 29(4): 75-77.

[4] R, AT, R0, 4. 6 B8 IR 5 1 08 Al o M 18 A 9
i QI E 2 JE (7] B 5 HLBK, 2019, 35(3): 225-230.
TANG Tian, SUO Hua-yi, LI Jian, et al. Research progress in regu-
lation of energy metabolism by dietary nutrition and host
inheritance via intestinal flora[J]. Food & Machinery, 2019, 35(3):
225-230.

[5] EF0. 2 50k A I 13 2F Zk s AL 1Y i 3 8 3 %) 6045 1 = AR A Y

SCRFAE D] KR L BERF R, 2012: 10-11.
WANG Li. Supports of glutamine and dietary fiber enhanced enteral
nutrition in critically ill trauma patients [D ].
Medical University, 2012: 10-11.

(6] I?“’E &M, BRI A E IR X E

1. TR AT, 2020, 47(24): 60, 68.
WANG Hao-wei, JIN Yi-hua, LI Yan-mei. Studies on the protective

Taiyuan: Shanxi

St W AR 4 4 AT

effect of glutamine on the intestinal barrier[J]. Guangdong Chemical
Industry, 2020, 47(24): 60, 68.

[71 KOH A, DE V F, KOVATCHEVA-DATCHARY P, et al. From
dietary fiber to host physiology: short-chain fatty acids as key bac-
terial metabolites[J]. Cell, 2016, 165(6): 1 332-1 345.

[8] 4%, T 5%, TIERE, 55 . & 4F 4 45 5 M 18 5 75 (d R A 53 3t

JED] B e R 2247, 2020, 11(2D): 7 752-7 757.
LI Miao, WANG Shang, WANG Xiao-yan, et al. Research progress
of dietary fiber regulating gastrointestinal nutrition and health[J].
Journal of Food Safety & Quality, 2020, 11(21): 7 752-7 757.

[9] B H0 . A1 UL IR v X i £ 27 2k {4 1 K I 7 W e 465 I 9 1k
HREZ IR [D]. /R 8 ZR bl K%, 2017: 28-30.



&M | Vol.37, No.12

YLN Dan-ting. Effects of exogenous lactic acid bacteria on the anti-
colon cancer activities of fermentation products of dietary fibers in
vitro[D]. Harbin: Northeast Agricultural University, 2017: 28-30.
[10] DUAN Ya-fei, WANG Yun, LIU Qing-song, et al. Changes in the
intestine microbial, digestion and immunity of Litopenaeus van-
namei in response to dietary resistant starch[J]. Scientific Reports,
2019, 9(1): 6 464.
[11] STEPHEN A M, CUMMINGS J H. Mechanism of action of dietary
fibre in the human colon[J]. Nature, 1980, 284(5 753): 283-284.
[12] LIU An, GONG Zhi-hua, LIN Ling, et al. Effects of L-theanine on
glutamine metabolism in enterotoxigenic Escherichia coli
(E44813)-stressed and non-stressed rats[J]. Journal of Functional
Foods, 2020, 64(C): 103670.
(13] 5K/NJ5, F Rk, T HL8, 55 M 18 T A Q5 A A R AR
BN 107 15 Bk 40 e o 1 ) S R (D). TR 24 AR, 2021, 21
(7): 60-67.
ZHANG Xiao-fang, WANG Xin, JIANG Hui-qin, et al. Human in-
testinal flora metabolite short-chain fatty acids produced from a-
mino acids and effect on cell permeability[J]. Journal of Chinese
Institute of Food Science and Technology, 2021, 21(7): 60-67.
AR/ LT R I 2T A KA B 0 R S R R R
WA D]. )M BRI K2, 2015: 68

LI Shao-ting. To discover the relationship between gut microbiota

[14

and over-ingestion of energy based on high dietary-fiber diets[D].
Guangzhou: Jinan University, 2015: 6-8.

[15] KYU-HO H, SHUNSUKE O, KEIKO S, et al. Dietary adzuki bean
paste dose-dependently reduces visceral fat accumulation in rats
fed a normal diet [J]. Food Research International, 2020, 130
(C): 108890.

[16] ZEIERY, 2= AR, BN, 55, L-A% 20 B 0 07 7L oK BRI v B I
I S R () 52 0 (9. B B2, 2016, 37(15): 247-252.
TONG Hai-ou, LI Cheng-jian, YAN Qiong-xian, et al. Effect of L-
theanine on serum and liver amino acid compositions in weaning
rats[J]. Food Science, 2016, 37(15): 247-252.

[17] 2. SN S Ak Ut o i 18 2 2R 47 SR Ak e o B M 3 1 A 1
S [D]. JC#: VLR K%, 2016: 1-2.

WANG Hui. Effects of exogenous catalase on tissue antioxidant
capacity and intestinal microflora[D]. Wuxi: Jiangnan University,
2016: 1-2.

(18] 7R 5% . 75 BRYLIE VE By A ) 48 B HE0 30 A 1 8 40000 ey DR 0 1
FAWFFE[D]. b AR TR, 2020: 51-53.

CAO Cheng-jia. Preparation of barley resistance starch and its
protective effect on alcohol-induced gastric injury[D]. Shanghai:
East China University of Science and Technology, 2020: 51-53.

[19] 5K A%, BKHR &, B We 25, L2 R A 2L Y2 D e B e & | 7
7R L [9). F RO R 2422 4], 2019, 42(4): 605-611.
ZHANG Cheng, GENG Zhao-yu, ZHAO Xiao-hui. L-theanine: Bi-
ological functions and application in livestock and poultry produc-
tion[J]. Journal of Nanjing Agricultural University, 2019, 42(4):
605-611.

[20] HEIJNEN M L, BEYNEN A C. Consumption of retrograded

BEEZE MEEBRAEEXT - FEBRMAREER RN ETIER

(RS3) but not uncooked (RS2) resistant starch shifts nitrogen ex-
cretion from urine to feces in cannulated piglets[J]. The Journal of
Nutrition, 1997, 127(9): 1 8281 832.

[21] B EUE, B FAE, 4505 K, . AT YRR A SR E R R
Jo 8 1) 3 A6 A A (0] 2 TR AL 27 5 R T AR o7, 2014, 33C6):
1217-1 221.

HUANG Si-si, ZHOU Yu-heng, LI Ci-yu, et al. Detection of diges-
tive characteristics of xylan in rat intestine by insoluble dye[J].
Genomics and Applied Biology, 2014, 33(6): 1 217-1 221.

[22] SR BT, M SCHE, S, 55, L-AS AR X /N UM B T8 25 45 4 K
W B S RE R V) 52 WA (9], R R 272, 2019, 39C1D): 43-54.

PENG Ying-qi, XIAO Wen-jun, ZHANG Sheng, et al. Effects of
L-theanine on intestinal morphology and free amino acids in mice[J].
Journal of Tea Science, 2019, 39(1): 43-54.

[23] ERICSSON A C, DAVIS J W, SPOLLEN W, et al. Effects of ven-
dor and genetic background on the composition of the fecal micro-
biota of inbred mice[J]. PLoS One, 2015, 10(2): e0116704.

[24] ZHANG Chuan-jian, YU Miao, YANG Yu-xiang, et al. Effect of
early antibiotic administration on cecal bacterial communities and
their metabolic profiles in pigs fed diets with different protein lev-
els[J]. Anaerobe, 2016, 42: 188-196.

[25] 5K, BRAUSC, AR VK, 55 WIRP S RS 2 2F 4k X BALB/c /N L 45
o 40 VR R 9 S5 A0 B0 M (D] BB o Gl AR, 2018, 45(2):
395-404.

ZHANG Ling, CHEN Dai-wen, YU Bing, et al. Two dietary fibers
influence the bacterial community in the colon of BALB/c mice[J].
Microbiology China, 2018, 45(2): 395-404.

[26] AZAD M A K, SARKER M, LI T J, et al. Probiotic species in the
modulation of gut microbiota: An overview[J]. BioMed Research
International, 2018, 2 018: 9478630.

[27] W ¥, i HE B, X0 4G =2, 45 /N0 RS Bk BE B A 21K T BE 4
PR £ &SR, 2019, 35C11): 47-51.

XIE Tao, TANG Ya-lu, LIU Yan-lan, et al. Physicochemical and
functional properties of resistant starch from Castanopsis carlesi [J].
Food & Machinery, 2019, 35(11): 47-51.

[28] AINA G, MISAKI N, YUTA S, et al. Use of Gifu Anaerobic Medi-
um for culturing 32 dominant species of human gut microbes and
its evaluation based on short-chain fatty acids fermentation
profiles[J]. Bioscience, Biotechnology, and Biochemistry, 2017, 81
(10): 2 009-2 017.

[29] HLIN, VT, O, S5, 4 Ak T 70 8 4 I 8 B 05 AR T A 45
¥ B2 K F- B B TE 0], B RS, 2018, 39(13): 133-143.
ZANG Kai-li, JIANG Yan, SUN Yong, et al. Probiotics modulate
the structure and abundance of gut microbiota in populations with
intestinal diseases[J]. Food Science, 2018, 39(13): 133-143.

[30] ##. BBk Sk 2% b 2% AR ) R IR 53 1 Al Al B ) i 3 A A5 Y
IR [D]. M A B aUR L KA, 2013
GE Yan. Extraction, isolation and purification of theanine from
summer-autumn green tea and its influence on intestinal micro-
ecology[D]. Nanjing: Nanjing Agricultural University, 2013.

(F#% 51 70

39



F&M | Vol.37,

[11] Ri¥k, FHGlA,

No.12

Edulis Fungi, 2020, 27(4): 202-214.
XA, S [R) dh Fl g B 89 SR B A

Z BRE IRRABRAMNTAFEEFRNENFEERAMERVRSENTW

tial EUC in dried fruiting bodies of different cultivars of lentinus

edodes[J]. Food Science, 2018, 39(4): 171-175.

[32] e —

microbiota by Lactobacillus plantarum ZDY 2013 and its
preventive effects against Helicobacter pylori infection[D]. Nan-
chang: Nanchang University, 2016: 1-2.

—, AU, P, S5 O RRAE IR X/ B T T R

S5PEM ). £ 5 5P, 2021, 37(6): 69-75. (191 AR MEAE, X%, X4k, 45, LAKOK Oy ik BT 1% 9% 4 Bl 45 11 7 9
LU Huan, WANG Rui-juan, LIU Xiao-feng, et al. Analysis and e- SR 53 B AN D). B 25 A, 2021, 29(2): 157-160.

valuation of nutrient components in Different Varieties of Flam- REN Ya-qian, LIU Xin, LIU Xing-jian, et al. Analysis and evalua-
mulina velutipes[J]. Food & Machinery, 2021, 37(6): 69-75. tion of nutritional components of Pleurotus eryngii cultivated by

[12] SELIGSON F H, MACKEY L N. Variable predictions of protein rice substrate[J]. Edible and Medicinal Mushrooms, 2021, 29(2):
quality by chemical score due to amino acid analysis and reference 157-160.
pattern[J]. The Journal of Nutrition, 1984, 114(4): 682-691. [20] MRS HE, MG, Hesd 42, 4. 8 R v e g B R 1 A I B %

(13] X A 5. 2R 1 BUE R 37 08 07 5 B 90 0 5 0 A R AR X 1L L] @jtiﬁ%ﬂﬁk???ﬁ(( FARFHA RO, 2017, 45(5):
A ] &5 Tk, 1991(5): 38-40. 183-190.

ZHAO Jian-xing. Study on a new method of protein nutrition eval- CHEN Xi-yan, PU Peng, KANG lJing-quan, et al. Comparison of
uation: The relative ratio of essential amino acids[J]. The Food In- composition and content of free amino acids in eight kinds of edi-
dustry, 1991(5): 38-40. ble mushrooms[J]. Journal of Northwest A & F University (Nat

[14] Food and Agricultural Organization of the United Nations. Amino Sci Ed), 2017, 45(5): 183-190.
acid content of foods and biological data on proteins[J]. Nutritional [21] ARIEPE. [ R 45 5 A 0 7s 8 BT 8 55 0 (01, 9 R AR L,
Studies, 1970, 24: 5-6. 2010(14): 50-51.

[15] BR T M, 45 2%, IS 7%, 45 AN [R) 7 3t 1 b & 2 4 104 305 R A 49 GU Yan-ze. Nutritional evaluation of protein in Pleurotus nebro-
I3 07 B A 0], £ A Dol R, 2015, 36(8): 152-157, 166. densis and Pleurotus eryngii[J]. Agriculture of Henan, 2010(14):
CHEN Wan-chao, YANG Yan, FENG Jie, et al. Analysis and eval- 50-51.
uation of flavor components of lentinus edodes from different pro- [22] TLRLAN, SAT, AR5 . A [R) BS R06 25 60 25 7 S0 Ik 26 (A s
ducing areas[J]. Science and Technology of Food Industry, 2015, 5152 W [J]. 79 R AR K27 244, 2003(2): 147-149.

36(8): 152-157, 166. JIANG Zhi-he, WENG Bo-qi, LIN Yong. Effects of different
1 JE U, XU TS, R PR U, AL Ak P B T ik ik b e B A culture media on protein nutrition ofPleurotus eryngii fruitbody[J].

HEarE "l" TRR TR R R B OB B (D). & A 2 iR, Journal of Southwest University (Natural Science Edition), 2003

2011, 18(1): 49-52. (2): 147-149.

ZHOU Shuai, LIU Yan-fang, TANG Qing-jiu. Determination of ara- [23] 7, BRARHE, B SCH, 2. & & SR Y BB 5T o

bitol, trehalose and mannitol in the fruit bodies of edible fungi using JE]. & dh Tk, 2016, 37(3): 231-234.

high performance anion chromatography-pulsed amperometric detection CAO Shi-ning, CHEN Xiang-yan, CUI Wen-jia, et al. Research

(HAPEC-PAD) [J]. Acta Edulis Fungi, 2011, 18(1): 49-52. progress of flavor substances in edible fungi[J]. The Food Industry,

[17] e, INR S, BRYESE, 45 Wi/ A RS 55 B A8 88 LA 35 7% o 2016, 37(3): 231-234.

5300, & S5 HLIK, 2020, 36(12): 28-33. [24] MAU J L, CHY C, L1J Y, et al. Flavor compounds in straw mush-
YANG Hua, SUN Su-ling, CHEN Wei-hu, et al. Comparison and rooms Volvariella volvacea harvested at different stages of
evaluation of muscle nutrition components between East Zhejiang maturity[J]. Journal of Agricultural and Food Chemistry, 1997, 45:
white geese and landes geese[J]. Food & Machinery, 2020, 36(12): 4 726-4 729.

28-33. [25] SEWEMG. 44 R Be'5 % & 2 1 TR (0] 9 9 TR 2016(2):

(18] FifgJu, 2K, BRJT#, 5. AR Fh T 1) & 45 7 92 7k 55 B vk 36-38.

BEH 2= 3 BT ). & SR 2#, 2018, 39(4): 171-175. DANG Xiao-peng. Vitamin B and protein metabolism of livestock
YU Hai-long, LI Yu, CHEN Wan-chao, et al. Analysis of differen- and poultry[J]. Hunan Feed, 2016(2): 36-38.

(L35 39 70O L5 4 1 SR [T]. 25 %3, 2019, 44(5): 1 .004-1 009.

[317 W& 5. R FLAF T ZDY2013 X/ BB 1 38 5l A 25 10 5% ) HUA Zhong-yi, LI Hong-mei, SUN Jian-hui, et al. Effect of fresh
LT e TR AT T G e i TR A D). BB B K2R, 2016: Gastrodia elata on gut microbiota in mice[J]. China Journal of
1-2. Chinese Materia Medica, 2019, 44(5): 1 004-1 009.

PAN Ming-fang. Modulation of the mice gastrointestinal [33] fAl 57T 57 22 P01k 3 3 3ok i 35 01 B 52 Wl ) BF T [D]. L iAF: 1V

JiiE K%, 2017: 18-19.

HE Jing-jiang. Study on the effect of buckwheat resistant starch on
intestinal flora[D]. Shanghai: Shanghai Normal University, 2017:
18-19.

51



