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Progress in the impact of medium - chain triglyceride in Alzheimer’s disease

JIANG Boyu, FU Chaoxu, XU Yanji
(Medical College, Yanbian University, Yanji 133002, Jilin, China)

Abstract: In order to investigate the effectiveness of medium — chain triglyceride (MCT) in delaying the
occurrence of Alzheimer’s disease (AD) , the metabolic process of MCT in vivo was analysed, the action
mechanism of MCT on AD was reviewed, and the application status of MCT foods for AD was presented.
MCT may delay the occurrence of AD through antioxidant effects, anti — inflammatory effects, reduction
of brain amyloid — B deposition, protection of mitochondrial function and improvement of brain energy
metabolism. MCT has been used to alleviate the condition of patients with AD, such as Axona ©
( composed of MCT) and Ketonformula © (a milk powder based on MCT) , etc. MCT has been shown a
beneficial effect on AD, and can be used in the daily diet to delay the occurrence of AD.

Key words: medium - chain triglyceride; Alzheimer’ s disease; antioxidant; anti — inflammation;

reduction of brain amyloid — B deposition

Bl /R % i BR 975 ( Alzheimer’s disease, AD) & fx
LI HIARAE , 2RI IC I RE 1 0855 AR T )
BEpafgss' . HATEIA T AL 4 000 J7 ZA4E A HE
AD i AE T 20 ARG BB K 1 A5 AD 4R
N — g R 2B AT VRSO , AL R B, B
HiF R AW AT FE I RIA A AD 125

W f5 H H 2022 - 03 - 30; {&[E H#5:2023 - 04 —22

ESTR S HA AT+ =T BREF R H (JIKH2020 -
0532KJ)

PEE B : 545 (2000) 40, A8 A, BFFE )y [y 1AL 2
! ( E-mail ) jbyu0621@ 163. com,,

S 1R - VEUTAE , 082, BF55 4 50 ( E-mail) xuyanii@ ybu.

edu. cn,

FgE H il = B8 ( Medium - chain triglyceride,
MCT) J&H & 8 ~ 12 ANk Jit I A A g 7 R 55 H v
BE A 715 20 09 H ol = R, £ 2 3 R H o =
(MCTS8) FiI 2% g H 1 = i (MCT10)"* . Fukazawa
445V BEgY R IR Pk Wistar Jk BUED & MCT (94K £x
24 JAJ5 M R H i = e p vk BE AR 0T B S e 4k
AHOC Y MLV A= DA AR ) &5 B A HG n, 6 WH I 4
AEH MCT 94 B R ] REXT A BRI BB 0 A 3 52
Wi, Abe %' 3@ 1 ik 425 P E AD BFH AT
MCT, & B8 HA] G ks AR 254G A (MMSE) 334 =1,
BEBA MCT B3 T AD S5 i IAHIZRE . Wlodarek ™
WS B, MCT Xt pft 2247 S R R0 B 28 T R
FARWFREEUE T MCT /2 — il K T 100 B, 75—
EFREE LB I LAZE MR AD rynl 17k



80 CHINA OILS AND FATS

2023 Vol. 48 No. 8

T B T % MCT 284 AD A 2, 9 2k
2% AD (R AR ROR TR, AN H T MCT 151k
AR R , BT B AR BT 2 A sk 2 il 3
FREER T - B DB AR I LRI R D il L B 436 i i
AR 4 AT HHER T MCT K i b 2 1k 37% 50 5%
WA FIRLEL, FEA 40 T MCT £ 546 AD 545
B
1 MCT Etig

WM, MCT %} AD & HIAIRE 1 Bk
SR, AT RS AR A 5 . MCT 75 5 il 4
TR S5 7K 7 S v B G TR , SR I T 1 W e it
WOTE R BIIFIE, Jf5t B - S DR AR, 42 1 B -
BT IR LW LR RN TR , 38 1 RS AR TEAR R 2
Gerht . PRI IR A AE S B R iR R R L
Wy A3 3o PR R A5 A A R R 28 R 4, 9 T
ARG Krebs 65 F T = BERR IR EF (ATP) 194
B, A R 2R oo R B R AN e 4R 4t R AR
ﬁﬁiﬁ[lo_“] .

MCT8 Fi1 MCT10 7E K i H #9 A 8 A [\, MCT8
T AR B T R AL T MCT10 75 20 Jfa J5t
WO Ja 7 5 A A AR A RE BE A R IRT B
MCTS 76 5 B e B 40 it b b MCT10 55455 3647 B -
SR DT B 5 5 77 £ i, T 5% PR 410 56 TR0 2 At
AEFLER' . Khabbush 25/ 7 SH - SYSY #iZst4i
Ja i T MCT8 i1 MCT10 (1 8 — 484k 38 % & 3,
MCTI10 1% Ak # &5 MCTS 1) 20% ,MCT10 B 4K
T P SRS R S e B [ (CPTL) 35 1k, e f
25 CPT1 {E AR, 1 66% [t MCTS %L B - &
165 CPT1 Jo3e, H MCT8 23— A% MCT10 [
B -, PRI FP2E MCT Xf % filfa s v L3
JoT G BRIA T R SE AN [

2 MCT 33 AD B{E A%

MCT 5| 10 it 284 1 PR AT o ok g 36 2 b
PRIIBE LA AIPTR A AL A AR R 1 2
b B B — B T LAk 14 45 4 22388 T & S8
RNA JIfE, T EEZE AD B9 &R BRI, A ST
PraALrE I BL AR s R R R T - B UL
RSB AR T BE LA R i i R AR 4 AN T T
ORISR
2.1 FEMMKER

BIF5E 2 T, R S 17 K ST 4 ARG 7T BB AT By
TG AD [k . MCT 3058 i 48 v 25 e
JIk ( GSH ) 7K - fii et 28 5T 930 JE 0 A5 ) i 3, -4
PHAZ H,0, BREERET ARG . Pea i
EMFGIEEAM 2 W& TT y - AR S ST T

P R o 20 L R S A 2 R AR Y e T R, AT
K GSH 7K ¥, GSH 4% 3 4k A4 & 5 5t AH AL AL
Mo FRPRERZ B AT VR 2 oT i 1y b 238 o,
R IE I B A G PR JS , LA 2B 1) IE 2R
B2, L A 2 B2 . MCT A DL 240 ] 45
FIR 2, I SRR 1 A= ) K AR R A
i

=16 -17]

i

]

Andersen %" i B2 A fir ZARicE:, AL U -
BCIC8 AU - "CIC10 AR Y, & B B AN
ZERAE/INR V) A s e AR, B C B4
TER AWMU R . TS Al & 85, I
P u-"cles flu-"clcio A=At e
oy - ZAE TR (GABA) R B8/ 1iEH] MCT8 Fil
MCTI10 AR 5 %2 e A= 78 AL P IS s 4 A Hp , S i
O G W A2 o #2200 GABA & . LA,
John™"*" \Mett"™" SE3E B T R & % MCT i 2 £ vl
R AT R 2R T () 2 BB AR K O, 42 5 o Ak
B 0 SR, XTI S BE B LA T A
A #E1E
2.2 wX%ERA

TE AD B3, /N B 5T A 2 B T AR ) 2 Bk
— AL RS 40 I DR T, S Bk 2 2 A s B i
A5 T MCT w5 H% AL 722 . Nishimura 202
W5 B, MCT Xf B 22 4375 3 10 /N e Jo 40 Ja 3 AR 1Y)
W T RE MG GPRAO & 4% 14 & AR, F B R il i
(MCT12) A g2l /b AD FE 35 Pl 28 15 I A9 i R
SOt 5. Xiao %7 3 b ## 7 K U R B T
GPRA0 Ay L 5 AT Y8 2% P 28 98 0 I el s i 28 T g
FiAh, 5K H I =g AH He, MCT g8 7= A= 5 b i 42
[R5 AT 7, ol AU AE, IR RO R A
Thomas 2 75 A& HIAG 1 MCT I8 103 B
FEE R , K B 6 J8 J5 A AT i & 28 sk
TJo il F AL, B AT MCT it 5208 R4 H 2 A
CIEFR 3
2.3 R mIEHAEEREG -B(AR) AR

AR AN RITS: | H ALY HGE & A AR
DURR, 2 A i XU R 2 G456 AR E 35t % 78 S5 A5
HRIEf R NER AR IR B — vy — MY
HELEAE N TE Ry FE B R EE 11 (APP) HgR15 1Y,
Ty - B A0S I EE R, AR Ik E 2™ )
T ABss ARy Al i H A & 5 1 AB42[26] o Mirzaei
TR R R, P52 AR AL FRLL K AT 5 IR T
K EUH T NLRP3 5 AE /IMAR (1) 380 17 1480 Ak 7 38005 3L
GSH 7K V- [ A, 26 B i W1 S8 190 3 12 o 1, T 2R A



2023 4 55 48 15 55 8 1] T

i 81

MCT R A3 ) K BRI 5 2 /MATE A ¢
{14 35 PR e 8 /D AR A N SR RRAIG , 5 L SR MCT AT
BEW AR V5 S BEH B . Shippy 227 fifi
AD /N RL R B, MCT (4RI 7= 4 B - 238 T IR id
I NLRP3 SERE/IMA AU , 98/0 T € By e Btk
I B L /N o 40 35 2F D) S Caspase — 1 BT,
HER] MCT REFEAR A M 200X AR i T BN )
M, X UE— R E T MCT 9 #f 2 fR  3 Tg.
Nafar 250 38 3 % AR Jik 4b FH () 455 9 Bl 2L 44 24
MCT &8, 2 AR IKACBE G R Z M & e il 5 &
B MCT ARl A #US B ph 2o ta b, 5 4
PR 2RO A0 O AE TG R W B AR =y, HLAT A R % AR
W 8 fih Sk %, [AEF MCT fHAE T AB 51
RAC 22 Z R/ 7 28 FR It W D45 1Ot A it 3 R 24
A5 JR0 ARWE RR AL, X it — 2P e T
MCT BEREAIR AR F5- M FEPEVEFH AR AP M2

Bansal 255 {# B &7 & MCT (4% £ 40 ¥ % B,
HFEIR T N2a i fu b JE B HERTIR 28 B (APP) 1y 3R
KR T AR ABL, 4TI, HARHE 7 i 4 ML 1)
AL HEN ADP — BB EALI + 1 (ARF1) AT gES Y
T MCT X} APP {323k Fl AR 1 5r Wb LLAN, 1l
siRNA R[5k ARFL A] DLyl 2D € B B 1) 43 W8 , Tk B
MCT 7€ 8 [ il mRNA /K7 L #FEAC T ARFL 1
£k,

[R5 2 /1GF — 1 (1IS) {553 A 2 4 5 i L 3h
ﬁ#%uﬁzi‘é%&'ﬁ‘ ,HS 1%‘%%@//'\5%{E&T ABI ~42 E’:J
REN TR, RV R F5 WD AT GEXT AD
HhR TR S R AR A R P 1 S . Maltais
SECVER R B, BAE NSRS AR Z A7 AE
B, 1t FENEREFTRE S AD i FEAH G, it i — 25k i
T MCT 5 AD 9 CHE
2.4 fRAPEAART AL, BE TN AR 2 A

TR SRR D RE AT O R — A 2 IR YT
S, PINKL Nrf2 . PGCla F1 PPAR — v AR i
1) RN, 3 3% 1 453 45 2 5% i) L) 6 I i 4 AR 1) 2
B, B B AT MR S I R B . BRSE R, R
FHE A MCT R AT PR b 22 50 4 M SRR 14 2
BEDY o IR A A R (CS) AUAEAE T 2okt ol
VERZ AR ARICEE . XY 2% #8 MCT K )5, CS
T SR I, LR A T A A k3 Y A
] PPAR — vy 52 1A [n] Ji 2F 4 240 Ml #b 78 MCT, Xif 2 ki
PRI REEA 22401, AT T 7E H 3G I R () A= ) &
A ISR AN X AR SRR S . TR
Y, MCT8 Ab Fist 14 200 B S 45 i I B A GG, I ] 9
WA HE I Ll il A i S 55 Il (ACADVL) #1 CPT1

Fik, W) R 98 2 5 0 AR A6 R SE B PDK3 |
PDK4, b2 55 BH8 1 4 W5 AL ) PCK2 F01 G5 i it
AACEG(CAT) . b4, F MCT10 2 FEIEREAR T 2k
RARE AW 1 B 40 B A B g
T Ik MCT DLZEfi# AD Jfi i nl e TE

AD FEFR Y — A 5 2 RR A 2 I AR AR AR, 3=
SR AR TR S AR R B4, AT BB R EOA
HIRE ST FRERI S AD A OG04 B , A AR
PEREVESEAT T 90 AN FE R IR A 2 . MCT fiE
% R SRR HERR A LA B ORI, OF HL AT LA b
AD BB ARy, ARy I F i IS I MCT 4h
FEH AL AT DA A U A2 451 A . Cunnane
SEIIESE T MCT ] A AR 480 A 107 S 808 475 408 £k 240
W AR S DL R ARAR S S T is M 6,
MERE R AD BE5 A —ER AL, Yomogida
2O DY REPE BEHER BUR SR 21 20 44 e R 45
AR I MCT g, Hoiw ifn 0K P 4K #6i ( BOLD )
5500, BFFMU AT & - 5 2 ( DLPFC) JK 57 (4 FR1
W/, FEHEE A MCT A 7= LR A MRE T

Haynes el Dragano L2 e POMC 1 22
JCAT LAZRBF B IR TR 32 1K 1 (FFA1/GPR40) 1 ik
fili b, &3 MCT8 BE i % iz ) /N BT e fisi, i i
GPR40 H 3% POMC #f Z8T, Hii 4 58 fi | B
WA T 2 A RS 11 [ 422 AL 1 7 e 400 2 S iz, 51
ERE RS, AL, MCT if n] GE 18 45 0 15 A
T J6E J5 4 LA 356 DA T 0BT 2 48 R 45, LA 7L IR AR )
AT 2 h AR 48 i 28 T8 S AEJ0RORE, DA T XoF A il 4k B
i
3 MCT gt AD B9 AR

HAl, ©A ST MCT & & T2 AD &
95 1, 01 0 36 [ B R 25 1 LR & 2 T
Axona ©( H1 MCT 4 5) 147077 AD RYEE I E gl o
Sharma %' 3fF — A PP AE T 2 4 vk R4 RTE
R, MCT SRR 5 v /E R AD 92 AL RE A
27T, i R 50 £ 45 R B MCT w3t 52 b B2 AD
BERINAIIRE, A R RO (Rl B 18 0]
), Ota 2" BF58 T Ketonformula © (F#F MCT
BCTT B WkY ) X AD B E IAFIE BE 2 M, 7E 35 8
JilJe AD £ 1) RIS A GE IR 32 8104 A 2
50 12 JI AD JBE A5 g D 3R RV i
ERCIZINAA B2 G, WK & A MCT
BC 7 WA % AD f8 B BRURAE T BP9k 3L,
BHE & MCT 87l AD B 1iE = 1ie42 =
SMTIREER A O B R AN, A A
WNHERA Y MCT R RE 23 W ol 3 o HG AR R A 1T, LAk



82 CHINA OILS AND FATS

2023 Vol. 48 No. 8

MCT RJRE2 38 i W e I B AR AN R S & AR Y
M,
4 % @

MCT FEAA AR A I8 2503 A X vy, A [ b 26
MCT X A= My PR g1 AL R AT — 5 9 22 5%, MCT o]
A R e 8 0 o A O L BT AR BT R LD AB
TURR ORI ERL AR T BB LA K ek 26 il R 21X 45 U TH
$ETE AD B RN I RE . O& T BN T AD &
) MCT & 195 18 0 Bl i 2 — P . Bl
WS Wos MCT A8 —FhHIFIRYT AD i 221R 17
PEBEIR AR M0 P A 0 S H R — PR A
PRI R HAEm A H iR b & B8
S 3Lk
[1] GARCIA -MORALES V, GONZALEZ - ACEDO A,

MELGUIZO — RODRIGUEZ L, et al. Current understanding
of the physiopathology, diagnosis and therapeutic approach to
Alzheimer’s disease [ J/OL]. Biomedicines, 2021, 9(12).
1910 [ 2022 — 03 - 30 ]. https://doi. org/10. 3390/
biomedicines9121910.
[2] Global, regional, and national burden of neurological
disorders, 1990 —2016: a systematic analysis for the global
burden of disease study 2016 [ J]. Lancet Neurol, 2019,
18(5) : 459 —480.
PR, sk, TR, % A+ ORI LR Ak
mTOR/GSK ~ 3B {551 % 5 35 ] /0% 2% ¥ B /> B 1
FAPLHILI]. shE P2y 2e,2022,47(8) 2074 —2081.
SRAR S, R AR, A5 B T I =R A B Tt R
[J]. Eah e 51 & ,2017,38(23) :220 -224.
FUKAZAWA A, KARASAWA T, YOKOTA Y, et al. The

[3

[}

(4

[

[5

[

safety of very — long — term intake of a ketogenic diet
containing medium — chain triacylglycerols[ J]. J Oleo Sci,
2021, 70:989 —993.

[6] ABE S, EZAKI O, SUZUKI M. Medium - chain triglycerides

[}

(8:0 and 10:0) increase mini — mental state examination
(MMSE ) score in frail elderly adults in a randomized
controlled trial [J]. J Nutr, 2020, 150(9) :2383 —2390.

[7] WLODAREK D. Role of ketogenic diets in neurodegenerative
diseases ( Alzheimer's disease and Parkinson’s disease) [J/
OL]. Nutrients, 2019, 11 (1); 169 [2022 - 03 - 30 ].
https :// doi. org/10. 3390/ nul11010169.

[8] XU Q, ZHANG Y, ZHANG X, et al. Medium - chain
triglycerides improved cognition and lipid metabolomics in
mild to moderate Alzheimer’s disease patients with APOE4 .
a double — blind, randomized, placebo - controlled
crossover trial[ J]. Clin Nutr, 2020, 39(7) :2092 - 2105.

[9] AUGUSTIN K, KHABBUSH A, WILLIAMS S, et al.

[

Mechanisms of action for the medium — chain triglyceride

ketogenic diet in neurological and metabolic disorders[ J].

Lancet Neurol, 2018, 17(1) .84 —93.

[10] KOPPEL S J, SWERDLOW R H. Neuroketotherapeutics ;
a modern review of a century — old therapy [ J].
Neurochem Int, 2018, 117114 - 125.

[11] SOTO - MOTA A, NORWITZ N G, CLARKE K. Why a
d - B - hydroxybutyrate monoester? [ J].
Trans, 2020, 48(1) :51 -59.

[12] DAMIANO F, DE BENEDETTO G E, LONGO S, et al.

Biochem Soc

Decanoic acid and not octanoic acid stimulates fatty acid
synthesis in U87MG glioblastoma cells: a metabolomics
study[ J/OL]. Front Neurosci, 2020, 14 783[2022 - 03 -
30]. https://doi. org/10. 3389/fnins. 2020. 00783.

[13] THEVENET J, DE MARCHI U, DOMINGO J S, et al.
Medium - chain fatty acids inhibit mitochondrial
metabolism in astrocytespromoting astrocyte — neuron
lactate and ketone body shuttle systems[J]. FASEB J,
2016, 30(5) :1913 —1926.

[14] KHABBUSH A, ORFORD M, TSAI Y C, et al. Neuronal
decanoic acid oxidation is markedly lower than that of
octanoic acid; a mechanistic insight into the medium —
chain triglyceride ketogenic diet[ J]. Epilepsia, 2017, 58
(8):1423 - 1429.

[15] KOVACS Z, BRUNNER B, ARI C. Beneficial effects of
exogenous ketogenic supplements on aging processes and
age — related neurodegenerative diseases [ J/OL ].
Nutrients, 2021, 13 (7). 2197 [ 2022 - 03 - 30 ].
https ://doi. org/10. 3390/nu13072197.

[16] SHARMA A, BEMIS M, DESILETS A R. Role of
medium chain triglycerides ( Axona ©) in the treatment
of mild to moderate Alzheimer’ s disease [ J]. Am J
Alzheimer’s Dis, 2014, 29(5) :409 —414.

[17] BORDONE M P, SALMAN M M, TITUS H E, et al. The
energetic brain; a review from students to students[ J]. J
Neurochem, 2019, 151(2) ;139 - 165.

[18] ANDERSEN J V, WESTI E W, JAKOBSEN E, et al.
Astrocyte metabolism of the medium — chain fatty acids
octanoic acid and decanoic acid promotes GABA synthesis
in neurons via elevated glutamine supply [ J/OL]. Mol
Brain, 2021, 14 (1):132[2022 - 03 - 30]. https://
doi. org/10. 1186/513041 - 021 — 00842 -2.

[19] JOHN J, SAPA K N, SHENOY R R, et al. Virgin
coconut oil ameliorates colchicine induced cognitive
dysfunction; a preclinical study[ J]. J Pharm Sci, 2020,
26(1):1-12.

[20] METT J, MULLER U. The medium — chain fatty acid
decanoic acid reduces oxidative stress levels in
neuroblastoma cells [ J/OL ]. Sci Rep, 2021, 11 (1):
613502022 - 03 - 30]. https://doi. org/10. 1038/
s41598 —021 - 85523 -9.



2023 4 55 48 15 55 8 1] T

Ll

83

[21] BAIDYA F, BOHRA M, DATTA A, et al. Neuroimmune
crosstalk  and evolving pharmacotherapies in
neurodegenerative diseases[ J]. Immunology, 2021, 162
(2):160 - 178.

[22] NISHIMURA Y, MORIYAMA M, KAWABE K, et al.
Lauric acid alleviates neuroinflammatory responses by
activated microglia; involvement of the GPR40 -
dependent pathway[ J]. Neurochem Res, 2018, 43(9) .
1723 - 1735.

[23] XIAO J, CAI T, FANG Y, et al. Activation of GPR40

[

attenuates neuroinflammation and improves neurological
function via PAK4/CREB/KDM6B pathway in an
experimental GMH rat model [ J/OL]. J Neuroinflamm,
2021, 18(1):160[2022 - 03 - 30]. https://doi. org/
10. 1186/s12974 - 021 - 02209 -9.

[24] THOMAS D D, STOCKMAN M C, YU L, et al. Effects of

[

medium chain triglycerides supplementation on insulin
sensitivity and beta cell function; a feasibility study [ J/
OL]. PLoS One, 2019, 14(12): €0226200[ 2022 —03 -
30]. https://doi. org/10. 1371/journal. pone. 0226200.

[25] WALKER L C. AB plaques[ J/OL]. Free Neuropathol,
2020, 1: 31[2022 - 03 - 30]. https://doi. org/10.
17879/ freeneuropathology — 2020 —3025.

[26] BLENNOW K, ZETTERBERG H. Biomarkers for
Alzheimer's disease: current status and prospects for the
future[ J]. J Intern Med, 2018, 284(6) ;643 —663.

[27] MIRZAEI F, KHAZAEI M, KOMAKI A, et al. Virgin
coconut oil (VCO) by normalizing NLRP3 inflammasome
showed potential neuroprotective effects in amyloid — B
induced toxicity and high — fat diet fed rat[J]. Food
Chem Toxicol, 2018, 118.:68 - 83.

[28] SHIPPY D C, WILHELM C, VIHARKUMAR P A, et al.
B — Hydroxybutyrate inhibits inflammasome activation to
attenuate Alzheimer’ s disease pathology [ J/JOL ]. ]
Neuroinflamm, 2020, 17 (1): 2802022 - 03 - 30 ].
https ;//doi. org/10. 1186/s12974 — 020 - 01948 -5.

[29] NAFAR F, CLARKE J P, MEAROW K M. Coconut oil
protects cortical neurons from amyloid beta toxicity by
enhancing signaling of cell survival pathways [ J ].
Neurochem Int, 2017, 105.:64 —79.

[30] BANSAL A, KIRSCHNER M, ZU L, et al. Coconut oil
decreases expression of amyloid precursor protein ( APP)
and secretion of amyloid peptides through inhibition of
ADP - ribosylation factor 1 ( ARF1) [J]. Brain Res,
2019, 1704.78 - 84.

[31] COHEN E, BIESCHKE J, PERCIAVALLE R M, et al.
Opposing activities protect against age — onset proteotoxicity
[J]. Science, 2006, 313(5793) :1604 —1610.

[32] MALTAIS M, DE SOUTO BARRETO P, ROLLAND Y,

[33]

[34]

[35]

[36]

[37]

[38]

[39]

[40]

[42]

et al. Is fat mass cross — sectionally associated with
cortical AB load in the human brain? [J]. J Nutr Health
Aging, 2019, 23(2) :207 -210.
MILLICHAP L E, DAMIANI E, TIANO L, et al. Targetable
pathways for alleviating mitochondrial ~dysfunction in
neurodegeneration of metabolic and non — metabolic diseases
[J/OL]. Int J Mol Sci, 2021, 22(21) :11444[ 2022 - 03 —
30]. https://doi. org/10. 3390/1jms222111444.
DABKE P, DAS A M. Mechanism of action of ketogenic
diet treatment: impact of decanoic acid and beta —
hydroxybutyrate on sirtuins and energy metabolism in
hippocampal murine neurons [ J/OL]. Nutrients, 2020,
12(8):2379[2022 - 03 - 30 ]. https://doi. org/10.
3390/nul12082379.
HUGHES S D, KANABUS M, ANDERSON G, et al. The
ketogenic  diet component  decanoic  acid  increases
mitochondrial citrate synthase and complex 1 activity in
neuronal cells[ J]. J Neurochem, 2014, 129(3) ;426 —433.
SHIN M K, VAZQUEZ - ROSA E, KOH Y, et al.
Reducing acetylated tau is neuroprotective in brain injury
[J]. Cell, 2021, 184(10) ;2715 -2732.
KOLB H, KEMPF K, ROHLING M, et al. Ketone bodies
from enemy to friend and guardian angel [ J/OL]. BMC
Med, 2021, 19(1):313[2022 =03 —=30]. https://doi. org/
10. 1186/s12916 - 021 — 02185 -0.
RUSEK M, PLUTA R, UAMEK - KOZIOt} M, et al.
Ketogenic diet in Alzheimer’s disease[ J/OL]. Int J Mol
Sci, 2019, 20 (16) :3892[2022 - 03 - 30]. htips://
doi. org/10.3390/1jms20163892.
CUNNANE S C, COURCHESNE - LOYER A, ST -
PIERRE V, et al. Can ketones compensate for
deteriorating  brain  glucose uptake during aging?
Implications for the risk and treatment of Alzheimer’ s
disease[ J]. Ann N Y Acad Sci, 2016, 1367(1) :12 -20.
YOMOGIDA Y, MATSUO J, ISHIDA I, et al. An fMRI
investigation into the effects of ketogenic medium — chain
triglycerides on cognitive function in elderly adults: a pilot
study[ J/OL]. Nutrients, 2021, 13(7).:2134[2022 - 03 -
30]. https://doi. org/10.3390/nul3072134.
HAYNES V R, MICHAEL N J, VAN DEN TOP M, et
al. A neural basis for octanoic acid regulation of energy
balance[ J]. Mol Metab, 2020, 34 .54 - 71.
DRAGANO N R V, SOLON C, RAMALHO A F, et al.
Polyunsaturated fatty acid receptors, GPR40 and
GPR120, are expressed in the hypothalamus and control
energy homeostasis and inflammation[ J/OL]. J Neuroinflamm,
2017, 14(1):91[2022 =03 —30]. https://doi. org/10. 1186/
12974 —017 - 0869 -7.

(T 4% 109 )



2023 4 55 48 15 55 8 1] T

i g 109

Chem, 2003, 83(3) : 409 —416.

[12] ZHANG D, LIH J, WANG Z F, et al. Effects of in vitro
oxidation on myofibrillar protein charge, aggregation, and
structural characteristics [ J/OL ]. Food Chem, 2020,
332, 127396 [ 2022 — 04 - 29 ]. https://doi. org/10.
1016/j. foodchem. 2020. 127396.

[13] CAOH W, SUN R L, SHI J R, et al. Effect of ultrasonic
on the structure and quality characteristics of quinoa
protein oxidation aggregates|[ J/OL]. Ultrason Sonochem,
2021, 77 1056852022 - 04 —29]. https://doi. org/
10. 1016/j. ultsonch. 2021. 105685.

[14] WANG Z M, HE Z, GAN X, et al. Effect of peroxyl
radicals on the structure and gel properties of isolated
rabbit meat myofibrillar proteins[ J]. Int J Food Sci Tech,
2018, 53(12) . 2687 -2696.

[15] STADTMAN E R, LEVINE R L. Free radical — mediated
oxidation of free amino acids and amino acid residues in
proteins[ J]. Amino Acids, 2003, 25(3) : 207 -218.

[16] NI, A2 By xf A 2R 1 S ARG E A DI RERF LAY
HALE AN I D]. TL95 Jof . YL R, 2016.

[17] GUO X, QIU H H, DONG X R, et al. Effect of
chlorogenic acid on the physicochemical and functional
properties of coregonus peled myofibrillar protein through
hydroxyl radical oxidation[ J/OL]. Molecules, 2019, 24
(17): 3205[2022 — 04 - 29]. https://doi. org/10.
3390/molecules24173205.

(18] fHmafh, ZE3CH, B, . KZW - - MR ES
YR SV O 1) LR 2T 4 3 A A Ao [T ], &
TRk, 2021, 42(3) ; 227 -235.

[19] ESTEVEZ M. Protein carbonyls in meat systems; a review
[J]. Meat Sci, 2011, 89(3): 259 —279.

[20] JAgEF%, MRV, SRS, KIRMPIX/IN g S Hi A
WRCRIPIALOITE )] Bl R, 2018, 57(5)
85 - 89.

[21] THOMAS J A, MALLIS R J. Aging and oxidation of
reactive protein sulfhydryls[ J]. Exp Gerontol, 2001, 36
(9): 1519 - 1526.

[22] XU} ToRpHE) 2 Byt AL RS b o DU 4T 2 2
S50 S BENCAFE RO R [ D], 10T B @i R
2, 2017.

(23] silt. BB IR SR IR X W 1 1 X% i 1A JUL st 2T 4 2
EPEBRBERIORTE (D). Kt KRR, 2019.

[24] WANG N, ZHOU X N, WANG W N, et. al. Effect of
high intensity ultrasound on the structure and solubility of
soy protein isolate — pectin complex [ J/OL]. Ultrason
Sonochem, 2021, 80. 105808 [ 2022 - 04 - 29 ].
https : //doi. org/10. 1016/j. ultsonch. 2021. 105808.

[25] DAMODARAN S, PARKIN K L, FENNEMA O R.
Fennema's food chemistry[ M]. Boca Raton; CRC Press,
2007.

[26] RAWEL H M, CZAJKA D, ROHN S. et al. Interactions
of different phenolic acids and flavonoids with soy proteins
[J]. Int J Biol Macromol, 2002, 30(3): 137 - 150.

[27] PAROLIA S, MALEY J, SAMMYNAIKEN R, et al.
Structure — functionality of lentil protein — polyphenol
conjugates [ J/OL ]. Food Chem, 2022, 367 130603
[2022 - 04 - 29 ]. https://doi. org/10. 1016/j.
foodchem. 2021. 130603.

[28] ZHAO Q, YU X J, ZHOU C S, et al. Effects of collagen
and casein with phenolic compounds interactions on
protein in vitro digestion and antioxidation[ J/OL]. LWT —
Food Sci Technol, 2020, 124 109192[2022 —04 -29].
https ://doi. org/10. 1016/j. Iwt. 2020. 109192.

[29] KETF, i H#, Bif, % /Mm-S E A A

FROFFELT ). frdh S A, 2022,48(12) : 97 - 104.

PO, XUPE, skmeR, A AL T B TR

JUUBRET 4 25 9 45 40 e BE AR PE R SR [T ). £ ol

B, 2016, 37(23) : 61 —66.

[30

[

(E#% 83 1)

[43] OTA M, MATSUO J, ISHIDA I, et al. Effects of a medium —
chain triglyceride — based ketogenic formula on cognitive
function in patients with mild — to — moderate Alzheimer’s
disease[ J]. Neurosci Lett,2019, 690232 —236.

[44] DE LA RUBIA ORTI J E, GARCIA - PARDO M P,
DREHMER E, et al. Improvement of main cognitive
functions in patients with Alzheimer’ s disease after

treatment with coconut oil enriched Mediterranean diet: a

pilot study [ J]. J Alzheimer’ s Dis, 2018, 65 (2):
577 -587.

[45] COURCHESNE - LOYER A, LOWRY C M, ST -
PIERRE V, et al. Emulsification increases the acute
ketogenic effect and bioavailability of medium - chain
triglycerides in humans: protein, carbohydrate, and fat
metabolism [ J/OL ]. Curr Dev Nutr, 2017, 1 (7):
e000851[ 2022 — 03 - 30 ]. https://doi. org/10. 3945/

cdn. 117.000851.



