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Crosstalk among dietary lipids, gut microbiome, and host
metabolic health

Zhaopeng Zhong, Xiaosong Hu, Hao Zheng, and Xiaofei Wang

Beijing Key Laboratory for Food Non-Thermal Processing, Key Laboratory of Fruits and Vegetables Processing, Ministry of Agriculture and
Rural Affairs, National Engineering Research Center of Fruit and Vegetable Processing, College of Food Science and Nutritional
Engineering, China Agricultural University, Beijing 100083, China

Abstract: As one of the three major nutrients, dietary lipids provide energy and nutrition for human. The quantity and
quality of dietary lipids affect the composition of gut microbiota, which consequently may affect the host metabolic health.
Development of disease animal models is an important approach to study the relationship between gut microbiota and human
metabolic health. In this review, we discussed the types of dietary lipids, and summarized how dietary lipids affect the
composition of gut microbiota and regulate the metabolic health of animal models. The clarification of potential underlying

mechanisms will shed lights on future research in other live systems including human.
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Table 1 Effects of dietary lipids on gut microbiota

el ik B R S B 2 BRI R AL
Fo MENANREENERYRZ —, KBERIT
Tl R BC I 2 5 Wi i 3 TR AR A AL B AN B 5 RI
o T e A 0 SRR 5 i 3 AR 45 AT 5 1 i
i GERE I AE, HE R 1 R
21 BEREMSEXNHEMEYNFIE
AR KB, BRI 255 iR TE T iE
A=A Ak TR AR Ak 5 1 AR R Y U A
TEA 2 VI OC 2R o i £ DR W X B 1 B2 0 7 s i A
IR FEE RIS IR SRR ACER T (% 1), 5
TR BT /INEL (L0964 A BRI AES) ML, frlng
IR IR /N (60%48 AR RE =) T I FnZh
Ji7 Kl S HR JUURF I 1] (Bacteroidetes) A JEEBE I |
(Firmicutes) FYHLRA B #E TR, fEMiAE . M

Dietary . .
Dietary fat Gut microbes References
sources
Animal Milk (SFA 65%) Milk: Bacteroidetes 1 , Firmicutes | , Bilohila wadsworthia 1 [46]
source Lard (SFA 39%) Lard: Firmicutes T , Bacteroidetes |
Lard (45% E) Lard: Bacteroides, Bilophila wadsworthia, Lactobacillus T [47]
Fish oil (45% E) Fish oil: Bifidobacterium, Lactobacillus, Streptococcus,
Akkermansia muciniphila 1
Lard (48 wt%); control (12 wt%); Lard (48 wt%): Clostridiales spp.1, Bacteroides| [48]
Lard (48% E); control (12% E) Lard (fat 48% E): Clostridiales T , Bacteroides |
Lard (4 wt%) Lard: Firmicutes/Bacteroidetes, Verrucomicrobia, Tenericutes, [8]
Akkermansia T
Soybean oil (4 wt%) Soybean oil: Helicobacter 1
Plant  45% E: palm oil, olive oil, safflower  High fat palm oil: Firmicutes/Bacteroidetes, Clostridium T , [49]

source oil (0.4, 1.1,7.8) Bacteroides |
Low fat palm oil (10% E)

Flax oil (n-3 LC-PUFA 50.3%)
Soybean oil (n-6 LC-PUFA 54.3%)
Mixed soybean oil (SFA-53.2%)
Low fat (12% E)

High fat (45% E): palm oil (SFA);
olive oil (MUFA); safflower oil
(n-6 PUFA); rapeseed oil/fish oil

(n-3 PUFA)

Allobaculum

High fat olive oil: Bacteroides 1 , Clostridium, Fibrobacteres |

Flax oil: Bacteroides | 10% [50]
Soybean oil: Bacteroides | 12%, Porphyromonadaceae |

Mixed soybean oil: Bacteroides | 28%, Lachnospiraceae |

High fat palm oil vs Low fat: Bacteroides | , Lachnospiraceae 1 [51]
High fat olive oil vs Low fat: Bacteroides T, Erysipelotrichaceae,

High fat safflower oil vs Low fat: Lachnospiraceae |
High fat rapeseed oil/fish oil: Allobaculum, Erysipelotrichaceae,
Bifidobacterium {

http://journals.im.ac.cn/cjbcn
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(&£ 1)

Dietary Dietary fat Gut microbes References
sources
Plant  Corn oil (6 mL/kg) Corn oil: Bacteroides, Clostridium T ; [52]
source  Fish oil (6 mL/kg) Fish oil: Bacteroides spp., Clostridium | , Lactobacillales spp. T ;

Control (PBS) Vegetable shortening, Corn oil: Akkermansia muciniphila,

Ketogenic diet (80 E%) Parabacteroides distasonis 1 [14]
PUFA  High fat diet (fat 50% E) High fat diet: Bacteroidetes | , Firmicutes 1 [53]

High fat diet+n-3 LC-PUFA High fat diet+ n-3 LC-PUFA vs high fat diet: Bacteroidetes T ,

Control (fat 12.3% E) Firmicutes |

Control+n-3 LC-PUFA Control+ n-3 LC-PUFA vs control: Bacteroidetes 1

n-3 LC-PUFA (EPA, DHA 1 g/100 g) n-3 LC-PUFA: Actinobacteria T, Tenericutes | , Bifidobacterium, [54]

n-3 LC-PUFA deficiency Lactobacillus T

n-3 LC-PUFA deficiency: Bacteroidetes |

n-3 LC-PUFA (2.6 LA, 0.4 ALA, n-3 LC-PUFA: Bacteroidetes T , Firmicutes/Bacteroidetes | [55]

0.35 EPA, 0.66 DHA, 2.6 n-6 n-3 LC-PUFA deficiency: Tenericutes, Anaeroplasma, Gelria,

LC-PUFA, 1.53 n-3 LC-PUFA) Cyanobacteria, Coriobacteriaceae, Thermoanaerobacter Acaea,

n-3 LC-PUFA deficiency (2.6 wt% Anaeroplasmataceae

LA, 2.6 n-6 LC-PUFA)

80% EPA, 20% DHA, 1 g/(kg-d) 80% EPA, 20% DHA, 1 g/(kg-d): Butyrivibrio, Actinobacteria T, [56]

Control Proteobacteria |

0.16% AA, 0.16% DHA 0.16% AA, 0.16% DHA: Bifidobacteria T , Clostridia, [57]

Control Enterobacteriaceae |

WEFIIFAE = W H ol KCE 9 B35 B8 Ko
R E SEFUTHEJR (Lactobacillus spp.) . AU FT
I J& (Bifidobacterium spp.). LT -3 K FH &
(Bacteroides-Prevotella spp.) % iz 5 b {4 7 2 fig
W & MR, 2l LI il SR N B R R
Z W (LPS) YR YA I Bt 5 1) i 1 Bk 2 2 30 it T
P B N . BRI (60%AR T & R IA )
SN E R 2 EE R R, R
5] #E % H # A (Ruminococcaceae) 1 ¥ /b 1 3l
WIEFR (Rikenellaceae) fy#m™, e/ g 12 J&
AR ER/NRIBIED, JERERT] (Firmicutes)
FIASHE 1R 1] (Proteobacteria) # T340, $UFF 1]
(Bacteroidetes) AIPEfH ] (Verrucomicrobia) i
Tl WE EAUAT #5135 2 7R Akkermansia
muciniphila 3 5 25 FRARC . i 8 i 25 0 Ok A
fii g 1B B R SE,  i H  TEAE EE R  E Y
D) O 1B 3 W i o 4 € o ) AN 11| R85 B U e o
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LPS il % 25 Toll #3214 4 (Toll like receptor 4,

TLR4) Z56, Wih Sy 4 M R iR SR8 K o
(Tumor necrosis factor a, TNF-a) ZFRERH T,
HE— 20X 5 2 B AR T R 0l B IR, I
RGEUPID RIRH . IR S A g O

BIMEZ, EhYFRREIRKER, HERY
— A~ A AR AL JEBETE ] (Firmicutes) F14l
FFEE ] (Bacteroidetes) (19 He i34 hn, BR & A8k
TN FEORREGE I, 1 A AW
Ak TS BOBE PRIA AR S50 1 K LR R e
AR EAE e iR B s 2 8E E il
B AR AE /N BRZE B A LA S0 AR R 90 3 R 6 K 3
(7T0%+E A BB RESE) S i 105 20 73 i A R IR )

7S Akkermansia muciniphila F1%k GBI HUFE
B4 Parabacteroides distasonis {3 EE 0, dE—4
W e BRI A o 7 X6 A T P 1A BT 1 2

L
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2.2 BERIEIEEXHIERME YRR

bR T BRI Z A0, BE AR D5 i AR A AR DT R |
BN TRL TN I 18 RN 22 AN R A 15 1 Xof i S R 4
RN RE R B A (R 1), Sl
AR B, ] MR T A R B R R SR )
(Verrucomicrobia) . #XEEE ] (Tenericutes) F13%
5 Akkermansia muciniphilal®, 2 {lHh, &5
T A 15 T (5 ek ohe R ) K £ R 1 /N BRI A A=
Y ZFETE N5 FEREAR, $UFTET] (Bacteroidetes)
BRI, JRRERT] (Firmicutes) FJE4R R,
AT ek 7% 1 3 B s A 290 ARG D A= . e =2,
A MUFA 5k I8 F i i n-3 PUFA AT LI
s B A 2R, BRAL T R RE R T
(Firmicutes) 5 #UFFIA[] (Bacteroidetes) (L4,
I A SRR TR , ZEMRHERE | 148 S5l
ZAAAR IR n-3 F1 n-6 BN Rz iE A
WA 5, TEEFAETU/NR (C57BL/6) WEFEH,
KK EME S n-6 PUFA [1H & n-3 PUFA Yt
2 NMHJE, TERRZHE (LPS) A 48 Pk () i i 40
ERE R, T LPS A ok 4 v 4n AR T AT
1] (Proteobacteria) Fit %ttt Ay L
n-3 PUFA A] GB35 | AT JHE 0 48 SE AH 5C 1)
EMAEYAER, (RHEAREENAEK.

Caesar 284 J& il . 2yl 0 #3144 FETS D5 ) A
b (45%) wmzEl/NRIRES, BRI A
FFEE 1] (Bacteroidetes) . ¥k [G & H 7 Bilophila
wadsworthia = & 4w, 1 i 2H P UL AT T
Bifidobacterium . FL#F & Lactobacillus . %% Bk /&
Streptococcus 13 5e & & Akkermansia muciniphila
g AR 6 2 B A U, 3 & B Akkermansia
muciniphila 1) 3= 22 5 442 4 H- il =5 B 5 2 4 R
K, BT 1 i IE e A5 AR Hh ke 2 B A
L, 0% 45 A BT n-3 PUFA fl970 T 1 6 4~ (fi
W) R PR S8 B R N JERBE R ] (Firmicutes) 5481
] (Bacteroidetes) ol FF&E, UFFHET 15
K EC )& Bacteroides Prevotella F=EE34 i, Hi4 [
TREBCR A 4, o TR PRI R REIR
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Diversity, richness
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Fig. 1 Possible crosstalk mechanisms among dietary lipids-gut microbiota-host metabolic health.
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Table 2 Animal models for studying the relationship between dietary lipids and host metabolic health

Animal models Dietary References
Pig Tallow (SFA 5% W/V) [93]
Coconut oil (SFA 5% W/V)
Corn oil (PUFA 5% W/V)
Fish oil (PUFA 5% W/V)
Anhydrous milk (SFA 38% E) [94]
Canola, soybean and corn oils (MUFA PUFA 38% E)
Monkey SFA and cholesterol (31.8% E) [95]
SFA (34.4% W/W); MUFA (35.1% W/W) [96]
n-6 PUFA (27.9% W/W); n-3 PUFA (2.6% W/W)
Mouse Milk (SFA 65%); Lard (SFA 39%) [46]
Lard (SFA 48% E) [48]
Lard (SFA fat 45% E) [47]
Fish oil (PUFA fat 45% E)
SFA (45% E); MUFA (45% E) [97]
Rat Camelina oil (MUFA 11% W/W) [98]
Fish oil (PUFA 11% W/W)
Linseed oil (PUFA 0.04 g/kg weight) [99]
Fish oil (PUFA 0.04 g/kg weight)
Nematode EPA (PUFA) [100]
Drosophila Coconut oil (SFA 20% W/V) [101]
Lard (SFA 3% W/V) [102]
Lard (SFA 7% W/V)
Lard (SFA 10% W/V)
Palm oil (SFA 20% W/V) [103]
Honey bee Palm oil (SFA 5% W/V) [103]
Soybean oil (PUFA 5% W/V)
Corn oil (PUFA 1%-8% W/W) [104]
Flax oil (PUFA 1%-8% W/W)
Corn oil, sesame oil, sage oil and flax oil (PUFA 17% W/W) [104]
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Table 3 Fatty acids profiles in pollen and edible oils

Species Myristic Palmitic Stearic Oleic Linoleic Linolenic
FA/ingredient (%) C14:0 C16:0 C18:0 C18:1 C18:2 C18:3
Pollen
Brassicaceae spp. 1.70 29.60 4.42 12.50 7.00 39.90
Trifolium pratense 121 38.30 2.29 10.50 5.01 41.40
Onobrychis viciifolia 1.84 35.60 4.13 9.33 14.30 32.80
Vicia faba 11.90 25.90 3.79 14.80 12.80 23.60
Linum usitatissimum 11.00 21.60 2.30 14.20 3.44 42.90
Brassica napus 13.30 16.20 11.00 5.13 7.70 24.80
Edible oil
Soybean oil - 15.32 5.16 25.44 45.15 7.95
Peanut oil - 12.11 3.97 41.07 32.88 1.08
Palm oil 2.59 47.50 0.50 33.30 14.50 0.57
Olive oil - 11.48 4.37 75.21 5.99 0.73
Corn oil - 14.12 2.31 32.48 48.64 1.51
Canola oil - 5.03 2.32 59.91 20.10 11.00
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