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Abstract: With the rapid development of synthetic biology, genetic engineering, and molecular
manipulation methods in recent years, microalgae, as representatives of microbial cell factories,
have been widely used as hosts in the production of high-value bioproducts, such as oils,
pigments, proteins, and biofuels, demonstrating promising prospects of application in
biochemical energy, food and drugs, and environmental protection. Despite these advancements,
the low production efficiency of microalgae limits their industrial application. In addition to
strain improvement and culture condition optimization, the regulation by exogenous chemical
additives serves as a promising optimization strategy. This method relies on straightforward
phenotypic screening and circumvents the necessity for intricate understanding of molecular
targets in the metabolic and catabolic pathways involved in the synthesis of bioproducts. It
enables rapid yield increasing of high-value bioproducts from microalgae and obtaining the
required phenotypes. Although studies have reported the use of alternatives means such as
exogenous additives to improve the growth of microalgae and the yield of high-value
bioproducts, the classification and summarization of the types, applications, targeted strains,
and molecular mechanisms of these additives are not comprehensive. Here, we review the
studies using chemical inducers or enhancers to improve cell growth and high-value bioproduct
accumulation in microalgae in recent years. This paper focuses on the types of exogenous
additives, the effects of exogenous additives and their combinations on microalgae growth and
high-value bioproduct accumulation, and the molecular mechanisms of related effects. We aim
to provide information for researchers to use methods of synthetic biology to develop suitable
cell chassis and harness microalgae for industrial production.

Keywords: additives; microalgae; growth; bioproducts
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Table 1

Effects of antioxidants on growth and accumulation of high-value bioproducts in microalgae

Additive names Microbial species Products Mechanism analysis References
Sesamol Crypthecodinium cohnii DHA (11.3%), \ [7]
biomass (44.2%)
Quercetin Chlorella vulgaris Biomass (2.5 times), Transcriptional [10]
lipid (1.8 times), regulation/
chlorophyll a (+) stimulate metabolism
Butyl hydroxyanisole Crypthecodinium cohnii ~ Lipid (8.8%) Stimulate metabolism  [11]
(BHA) Heveochlorella sp. Lipid (25.0%) Transcriptional [12]
regulation
Propyl gallate (PG) Crypthecodinium cohnii ~ \ \ [11,13]
Melatonin (MLT) Heveochlorella sp. Lipid (36.6%) Transcriptional [12]
regulation
Fulvic acid (FA) Heveochlorella sp. Biomass (+), lipid (+) Transcriptional [12]
regulation
Monoraphidium sp. Lipid (21.8%) Transcriptional [14]
FXY-10 regulation
Haematococcus pluvialis  Biomass (10.6%), Transcriptional [15]
astaxanthin (86.9%) regulation
Butylhydroxytoluene Heveochlorella sp. Lipid (+) Transcriptional [12]
(BHT) regulation

“+” represents that exogenous additives have a promoting effect on the accumulation of microalgae high-value bioproducts;
“\” represents no positive effect, and the specific number represents the percentage increase in the accumulation of microalgae

high-value bioproducts compared with the control.
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Table 2  Effects of oxidants on growth and accumulation of high-value bioproducts in microalgae

Additive names Microbial species Products Mechanism References
analysis
Methylviologen (MV) Haematococcus  Astaxanthin (32.9%), Stimulate [16-17]
pluvialis carotenoid (+) metabolism

Chlorococcum sp.  Astaxanthin (+) \ [18]

Methylene blue (MB) Haematococcus  Astaxanthin (41.9%), Stimulate [16-17]
pluvialis carotenoid (+) metabolism
2,2'-azobis (2-methylpropionamidine) Haematococcus  Astaxanthin (29.2%),
dihydrochloride pluvialis carotenoid (+)
(AAPH)
Hydrogen peroxide Haematococcus  Astaxanthin (20.6%), Stimulate [16-17]
pluvialis carotenoid (+) metabolism
Chlorococcumsp.  Astaxanthin (72.3%) \ [18-19]
Chlorella vulgaris Astaxanthin (53.2%), \ [20]
carotenoid (38.9%),
chlorophyll (29.8%)
Spirulina Carotenoid \ [21]
platensis (6.7 times)
Sodium hypochlorite Chlorella vulgaris Astaxanthin (32.4%), \ [20]

carotenoid (67.7%),

chlorophyll (46.8%)
“+” represents that exogenous additives have a promoting effect on the accumulation of microalgae high-value bioproducts;
“\” represents no positive effect, and the specific number represents the percentage increase in the accumulation of microalgae
high-value bioproducts compared with the control.
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Table 3  Effects of signal transducers on growth and accumulation of high-value bioproducts in microalgae

Additive names Microbial species Products Mechanism analysis References
Salicylic acid (SA)  Crypthecodinium cohnii  Lipid (13.5%) Stimulate metabolism [22]
Haematococcus pluvialis  Astaxanthin (30.6%), Stimulate metabolism/ [16,23-24]
biomass (+) transcriptional regulation
Chlorella vulgaris Biomass (40.0%), nucleic acid \ [25]

(60.0%), protein (60.0%),
chlorophyll (70.0%),
carotenoid (57.0%),
saccharide (41.0%)

Jasmonic acid (JA)  Crypthecodinium cohnii  \ \ [22]
Haematococcus pluvialis  Astaxanthin (50.6%) Stimulate metabolism [16]
Chlorella vulgaris Cell numbers (42.2%), \ [26]

chlorophyll (71.8%),
fucoxanthin (80.8%),
carotenoid (59.8%),
saccharide (33.8%),
protein (71.3%)

Methyl jasmonate Haematococcus pluvialis Biomass (+), carotenoid (+), \ [24]
MJ) chlorophyll (+), astaxanthin (+)
Fucus vesicul osus Fucoidan (58.0%) \ [27]
Brassinolides (BRs) Crypthecodinium cohnii  \ \ [22]
Spirulina platensis Biomass (26.0%) \ [28]
Haematococcus pluvialis  Astaxanthin (25.9 times) Transcriptional regulation [29]
Chlorella vulgaris Biomass (237.0%), \ [30-33]

protein (296.0%),

chlorophyll (228.4%),

saccharide (2.0 times),

nucleic acid (3.0 times)
“+” represents that exogenous additives have a promoting effect on the accumulation of microalgae high-value bioproducts;
“\” represents no positive effect, and the specific number represents the percentage increase in the accumulation of microalgae
high-value bioproducts compared with the control.

x4 EYHERIWEEKNSNEEY~HIRBNZI

Table 4 Effects of phytohormones on growth and accumulation of high-value bioproducts in microalgae

Additive  Additive names Microbial species Products Mechanism References
types analysis
Auxins Iodoacetic acid Crypthecodinium Lipid (4.6%) Stimulate [22]
and its cohnii metabolism
chemical 1-naphthylacetic acid  Crypthecodinium \ \ [22]
analogues (NAA) cohnii
Haematococcus  Biomass (117.0%) \ [35]
pluvialis

Chlorella vulgaris Biomass (133.0%), carotenoid (131.6%), Transcriptional [35,37-41]
chlorophyll (170.2%), protein (92.7%), regulation
saccharide (91.0%), lipid (137.3%)

http://journals.im.ac.cn/cjben
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(&% 4)
Additive  Additive names Microbial species Products Mechanism References
types analysis
Spirulina platensis Cell numbers (+) \ [42]
Scenedesmus \ \ [43]
quadricauda
Cladophora Chlorophyll (+) \ [44]
glomerata
Thraustochytrium Biomass (41.7%) \ [36]
roseum
Naphthoxyacetic acid ~ Crypthecodinium Lipid (10.7%) Stimulate [22]
(BNOA) cohnii metabolism
2,4-dichlorophenoxyace Crypthecodinium \ \ [22]
tic acid (2,4-D) cohnii
Chlorella vulgaris Biomass (84.7%), protein (96.1%), Transcriptional [37,39,41,
chlorophyll (134.8%), saccharide (+), regulation 45]
lipid (96.8%), carotenoid (90.8%)
Spirulina Cell numbers (24.6%), protein (+), \ [42,45]
platensis chlorophyll a (12.9%)
Haematococcus  Biomass (+) \ [46]
pluvialis
Dunaliella salina Biomass (+) \ [46]
Scenedesmus Biomass (+), chlorophyll a (14.3%) \ [43,47]
quadricauda
Paviova viridis  Biomass (+) \ [48]
Chlamydomonas Biomass (28.2%), chlorophyll a (25.7%) \ [49]
reinhardtii
Gracilaria Biomass (+) \ [50]
vermiculophylla
3-indoleacetic acid Scenedesmus Biomass (86.3%), \ [51]
(IAA) obliquus fatty acid (23.1%)
Chlamydomonas Biomass (61.0%), protein (35.0%), \ [52]
reinhardtii chlorophyll (81.0%)
Chlorella vulgaris Biomass (83.0%), carotenoid (158.2%), Transcriptional [30,37,39,
protein (170.9%), saccharide (83.7%),  regulation 40,53-57]
chlorophyll (173.5%), lipid (20.0%)
Amphora Biomass (41.7%) \ [58]
coffeaeformis
Navichla corymbosa Biomass (17.9%)
Spirulina platensis \ \ [42]
Pavlova viridis \ \ [48]
Scenedesmus Biomass (15.0%), \ [43,59-60]
quadricauda chlorophyll (25.8%)
(FF8%)
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Additive  Additive names Microbial species Products Mechanism References
types analysis
Gracilaria Biomass (+) \ [50]
vermiculophylla
Cladophora Chlorophyll (3.0 times) \ [44]
glomerata
Codiumfragile  Biomass (+) \ [61]
subsp.
tomentosoides
Euglena sp. Biomass (+),carbohydrate (9.2%), \ [62]
protein (148.5%), lipid (40.3%),
chlorophyll (+), carotenoid (+)
Thraustochytrium Biomass (19.4%) \ [36]
roseum
Diethyl aminoethyl Scenedesmus Biomass (147.4%), \ [51]
hexanoate (DAH) obliquus fatty acid (25.8%)
1-triacontanol Chlamydomonas Biomass (54.0%), protein (44.0%), \ [52]
(TRIA) reinhardtii chlorophyll (43.0%)
Amphora Biomass (42.0%) \ [58]
coffeaeformis
Navichla Biomass (40.4%)
corymbosa
Paviova viridis  Biomass (11.1%) \ [48]
Indole-3-butyric acid  Crypthecodinium \ \ [22]
(IBA) cohnii
Chlorella vulgaris Carotenoid (3.1%), protein (13.0%), \ [30,37-38,
saccharide (24.0%), biomass (83.0%), 40,55]
chlorophyll (240.0%)
Spirulina \ \ [42]
platensis
Pavlova viridis  Biomass (+) \ [48]
Cladophora Chlorophyll (1.5 times) \ [44]
glomerata
Nostoc linckia Biomass (64.0%), carotenoid (+), \ [63]
chlorophyll a (~20.0%)
Thraustochytrium Biomass (30.6%) \ [36]
roseum
Indole-3-lactic acid Chlorella vulgaris Biomass(+), carotenoid (10.0%) \ [37]
(ILA)
Tryptamine (Trp-NH,) Chlorella vulgaris Biomass (114.2%), carotenoid (+), \ [37,39,64]
chlorophyll (140.3%), protein (100.0%)
(FF2%)
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Additive  Additive names Microbial species Products Mechanism References
types analysis
Indolyl-3-propionic Chlorella vulgaris Cell numbers (83.0%), protein (38.0%), \ [30,40,55]
acid (IPA) chlorophyll (57.0%), saccharide (51.0%)
Scenedesmus \ \ [43]
quadricauda
Anthranilic acid (AA) Chlorella Biomass (110.2%), protein (91.3%), \ [39]
pyrenoidosa chlorophyll (112.9%)
Naphthyl-3-sulphonic ~ Chlorella Biomass (130.7%), protein (81.9%),
acid (NSA) pyrenoidosa carotenoid (95.9%), chlorophyll (148.0%)
Phenylacetic acid Chlorella Chlorophyll (162.8%), biomass (65.6%), \ [38-40]
(PAA) pyrenoidosa protein (111.2%), carotenoid (147.9%),
saccharide (96.3%)
Nostoc muscorum Biomass (59.0%) \ [64]
Tolypothrix tenuis Biomass (48.0%)
2-methyl-4-chloropheno Scenedesmus Cell numbers (+) \ [43]
xyacetic acid (MCPA) quadricauda
Tryptophol Chlorogloea Biomass (24.0%) \ [64]
fritschii
Isatin Anacystis Biomass (19.0%)
nidulans
Chlorogloea Biomass (21.0%)
fritschii
Gibberellin Gibberellin (GA)/ Crypthecodinium \ \ [22]
gibberellic acid (GA3)  cohnii
Thraustochytrium DHA (79.1%), lipid (43.6%), Stimulate [36,65]
roseum biomass (14.4%) metabolism
Chlorella vulgaris Protein (51.0%), saccharide (57.0%), Transcriptional [38,56-57,
chlorophyll (203.0%), regulation 66-69]
carotenoid (29.0%),
biomass (61.0%), lipid (12.0%)
Chlamydomonas Biomass (68.0%), protein (26.0%), \ [52]
reinhardtii chlorophyll (68.0%)
Microcystis Biomass (+), protein (+), \ [70]
aeruginosa chlorophyll a (+)
Scenedesmus Biomass (7.0 times), \ [59,67,71]
quadricauda protein (3.5%), chlorophyll (46.1%)
Dictyosphaerium Biomass (11.0 times) \ [67]
pulchellum
Amphora Biomass (19.9%) \ [58]
coffeaeformis
Navichla Biomass (26.7%)
corymbosa
Cyclotella Biomass (+) \ [72]
cryptica
(GEd)
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(&% 4)
Additive  Additive names Microbial species Products Mechanism References
types analysis
Haematococcus  Astaxanthin (30.8%) Stimulate [16]
pluvialis metabolism
Spirulina Cell numbers (+) \ [42]
platensis
Cytokinin Kinetin (KT) Crypthecodinium \ \ [22]
cohnii
Chlamydomonas Biomass (69.0%), protein (25.0%), \ [52]
reinhardtii chlorophyll (5§9.0%)
Haematococcus  Biomass (+) \ [46]
pluvialis
Dunaliella salina Biomass (+)
Chlorella vulgaris RNA (110.0%), biomass (71.2%), \ [37,56,67,
carotenoid (85.2%), protein (161.0%), 73]
saccharide (43.0%), chlorophyll (226.0%)
Scenedesmus Biomass (71.7%), protein (12.2%) \ [59,67,71]
guadricauda
Dictyosphaerium Biomass (61.5%) \ [67]
pulchellum
Thraustochytrium DHA (57.3%), biomass (105.6%) \ [36]
roseum
2-chloroacrylicacid Crypthecodinium Lipid (10.0%) Stimulate [22]
cohnii metabolism
6-benzylaminopurine Aurantiochytrium DHA (52.8%), lipid (25.9%) Stimulate [74]
(6-BAP) sp. metabolism
Chlorella vulgaris RNA (110.0%), biomass (+), \ [37,73]
carotenoid (94.3%), protein (102.0%),
saccharide (43.0%), chlorophyll (226.0%)
Spirulina Cell numbers (+) \ [42]
platensis
Gracilaria Biomass(+) \ [50]
vermiculophylla
Allantoin (AT) Chlorella vulgaris Carotenoid (24.0%) \ [37]
Thidiazuron (TDZ) Chlorella vulgaris Biomass (83.0%), \ [38]
chlorophyll a (160.0%)
Zeatin (ZT) Crypthecodinium \ \ [22]
cohnii
Chlorella vulgaris RNA (110.0%), biomass (67.0%), Transcriptional [38,57,73]
protein (185.0%), chlorophyll (226.0%),  regulation
carotenoid (89.0%), saccharide (43.0%),
lipid(+)
N,N'-diphenylurea Chlorella vulgaris RNA (125.0%), cell numbers (130.0%), \ [73]
(DPU) protein (3.0 times), chlorophyll (226.0%),
carotenoid (89.0%), saccharide (57.0%)
(1558)
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Additive  Additive names Microbial species Products Mechanism References
types analysis
Ethylene Ethrel Scenedesmus Biomass (27.4%), protein (+), \ [75]
quadricauda nucleic acid (35.2%)
Haematococcus  Astaxanthin (92.1%) \ [76]
pluvialis
Chlorella vulgaris Fatty acid (+) Stimulate [77]
metabolism
Abscisic  Abscisic acid (ABA) Crypthecodinium Lipid (11.1%) Stimulate [22]
acid cohnii metabolism
Chlamydomonas Fatty acid (13.0%), protein (32.0%), \ [52,78]
reinhardtii saccharide (172.7%), biomass (100.0%),

chlorophyll (39.0%)

Chlorella vulgaris Biomass (1.3 times), lipid (148.0%),

Transcriptional [41,57]

protein (+), carotenoid (+), regulation
chlorophyll a (+)
Haematococcus  Astaxanthin (64.2%) Stimulate [16]
pluvialis metabolism

“+” represents that exogenous additives have a promoting effect on the accumulation of microalgae high-value bioproducts;
“\” represents no positive effect, and the specific number represents the percentage increase in the accumulation of microalgae

high-value bioproducts compared with the control.
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Table 5 Effects of amine on growth and accumulation of high-value bioproducts in microalgae

Additive names Microbial species Products Mechanism References
analysis
Ethanolamine (ETA) Scenedesmus obliquus Lipid(83.3%) Stimulate [81]
metabolism
Crypthecodinium Lipid(18.8%) Stimulate [22]
cohnii metabolism
Putrescine Chlorella vulgaris Biomass(+), protein(+), \ [38,82]
Spermidine saccharide(+), chlorophyll(+)
Spermine Chlorella vulgaris Cell numbers(+), chlorophyll(+), \ [82]
Agmatine protein(+), saccharide(+)

“+” represents that exogenous additives have a promoting effect on the accumulation of microalgae high-value bioproducts;
“\” represents no positive effect, and the specific number represents the percentage increase in the accumulation of microalgae

high-value bioproducts compared with the control.
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Table 6 Effects of trace elements on growth and accumulation of high-value bioproducts in microalgae

Additive names Microbial species Products Mechanism analysis ~ References
Ferrum (Fe?'/Fe’*)  Nannochloropisoculata  Lipid (48.4%) \ [86]
Chlorella vulgaris Biomass (+), lipid (+), chlorophyll ~ \ [38,87]
H
Thraustochytrids Biomass (63.3%) \ [84]
Microcystis aeruginosa  Biomass (+) \ [88]
Haematococcus pluvialis Astaxanthin (+), carotenoid (+) \ [17]
Chlorococcum sp. Astaxanthin (+) \ [18]
Cuprum (Cu*") Nannochloropis oculata \ \ [86]
Thraustochytrids Biomass (69.1%) \ [84]
Cobalt (Co*") Nannochloropis oculata \ \ [86]
Thraustochytrids Biomass (24.4%) \ [84]
Molybdenum (Mo®") Nannochloropis oculata  Lipid (46.1%) \ [86]
Thraustochytrids Biomass (24.4%) \ [84]
Zinc (Zn*") Nannochloropis oculata  Lipid (121.7%) \ [86]
Thraustochytrids Biomass (49.6%) \ [84]
Microcystis aeruginosa  Biomass(+) \ [88]
Manganese (Mn?")  Nannochloropisoculata  Lipid (8.4%) \ [86]
Thraustochytrids Biomass (69.1%) \ [84]
Plumbum (Pb) Chlorella vulgaris \ \ [66]
Cadmium (Cd)
Nickel (Ni) Thraustochytrids Biomass (17.4%) \ [84]
Magnesium (Mg®>")  Haematococcus pluvialis Astaxanthin (29.9%) Stimulate metabolism [16]
Thraustochytrids DHA (+), biomass (+), lipid (+) \ [89]
Calcium (Ca®") Thraustochytrids DHA (+), biomass (+), lipid (+) \ [89]

“+” represents that exogenous additives have a promoting effect on the accumulation of microalgae high-value bioproducts;
“\” represents no positive effect, and the specific number represents the percentage increase in the accumulation of microalgae
high-value bioproducts compared with the control.
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Table 7 Effects of other chemicals on growth and accumulation of high-value bioproducts in microalgae

Additive types  Additive names Microbial species Products Mechanism analysis References
Drugs Calliterpenone Cyanobacterium Biomass (316.1%), Transcriptional [80,90]
synechocystis lipid (130.8%), regulation
carbohydrate (140.3%)
Indomethacin (IM) Chlorella vulgaris Biomass (70.0%), \ [91]
nucleic acid (60.0%),
protein (43.0%),
chlorophyll (>90.0%),
carotenoid (70.0%),
saccharide (100.0%)
Vinblastine Haematococcus pluvialis Astaxanthin (+) \ [92]
Ethyl Selenastrum Biomass (+) \ [93]
2-methylacetoacetate  capricornutum
(EMA)
Alcohols Methanol Chlorella vulgaris Biomass (69.0%), \ [38]
chlorophyll a (160.0%)
Ethanol Crypthecodinium cohnii  DHA (+), \ [94]
biomass (+), lipid (+)
Acids Acetic acid Crypthecodinium cohnii  Biomass (134.6%), \ [95]
lipid (260.0%)
Aurantiochytrium sp. \ \ [96]
Propanoic acid Aurantiochytrium sp. \ \ [96]
Isobutyric acid Aurantiochytrium sp. \
Butyric acid Aurantiochytrium sp. \
Isovaleric acid Aurantiochytrium sp. DHA (46.7%)
Valeric acid Aurantiochytrium sp. DHA (74.0%)
Humic acid (HA) Chlorella vulgaris Biomass (72.0%), \ [38]
chlorophyll a (160.0%)
Acrylic acid Crypthecodinium cohnii  \ \ [13]
Oleic acid Thraustochytrium Biomass (~9.2%), \ [97]
aureum lipid (~9.5%)
Palmitic acid Thraustochytrium DHA (36.8%),
aureum lipid (24.1%)
Stearic acid Thraustochytrium Lipid (12.5%)
aureum
Ethylene diamine Nannochloropis oculata Biomass (+), \ [86]
tetraacetic acid (EDTA) lipid (49.7%)
Glutamate Aurantiochytrium sp. Lipid (90.9%) \ [98]
Inorganic salts  Sodium chloride Spirulina platensis \ \ [28]
Haematococcus pluvialis Astaxanthin (2.2 times), \ [92]
lipid (24.1%),
carbohydrate (23.1%)
Citrate Chlorella vulgaris Biomass (5.6 times), lipid \ [99]
),
chlorophyll a (+)
Scenedesmus sp. Biomass (+) [100]
Acetate Chlorella vulgaris Lipid (+), \ [99,101]
biomass (7.0 times)
(Fe)
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Additive types  Additive names Microbial species Products Mechanism analysis References
Haematococcus pluvialis Biomass (25.5%), \ [17,102-103]
carotenoid (100.0%),
astaxanthin (110.5%)
Monodus subterraneus  Fatty acid (100.0%), \ [104]
lipid (5.0 times)
Aurantiochytrium sp. DHA (33.3%) \ [98]
Haematococcus pluvialis Chlorophyll (66.7%), \ [92]
protein (32.0%)
Nitrate Haematococcus pluvialis Carotenoid (118.9%), \ [92,102]

carbohydrate (+),
protein (59.0%),
lipid (39.2%),
astaxanthin (21.4%),
chlorophyll (42.9%),
biomass (3.0 times)
Malonate Haematococcus pluvialis Biomass (27.3%), \ [102]
carotenoid (13.0 times),
astaxanthin (2.0 times)

Alkanes Dodecane Crypthecodinium cohnii  DHA (8.3%) \ [105]
Polycyclic Paraquat Scenedesmus \ \ [47]
aromatic guadricauda
hydrocarbons ~ Norflurazon Crypthecodinium cohnii  \ \ [13]
Organic Glyphosate Scenedesmus Biomass (+), \ [47]
phosphorus quadricauda chlorophyll a (10.7%)
Fenitrothion Chlamydomonas Biomass (+), \ [49]
reinhardtii chlorophyll a (+)
Diazinon Chlamydomonas \
Dimethoate reinhardtii
Malathion
Phenthoate
Quinalphos
Oil class Linseed oil Thraustochytrium Biomass (44.7%), \ [106]
aureum lipid (52.7%)
Glycerol Chlorella vulgaris Biomass (+), lipid (+) \ [101]
Polysorbate 80 Thraustochytrium DHA (107.6%), \ [107]
aureum biomass (88.9%),

lipid (15.2%),
fatty acid (25.3%)
Vegetable oil Thraustochytrium Biomass (12.3%), \ [97]
aureum lipid (72.6%)
“+” represents that exogenous additives have a promoting effect on the accumulation of microalgae high-value bioproducts;
“\” represents no positive effect, and the specific number represents the percentage increase in the accumulation of microalgae
high-value bioproducts compared with the control.
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Figure 1
high-value biological products in microalgae.
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The molecular mechanism diagram of the effect of exogenous additives on the accumulation of
G6PD: Glucose-6-phosphate dehydrogenase;
lyase;

ACC:

ME: Malic enzyme; EMP pathway:

Embden-meyerhof-parnas pathway; TCA cycle: Tricarboxylic acid cycle; PPP pathway: Pentose phosphate
pathway; ER: Enoyl reductase; B-KS: B-ketoacyl synthase; KR: B-ketoacyl reductase; DH: Dehydratase; FAS:
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