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Leaf Extraction Byproducts
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Abstract Despite the easing of social distancing, demand for non-face-to-face services continues to rise. Recently, the
EU is pursuing a comprehensive plastic use reduction by expanding the scope of plastic use regulations for packaging
plastics according to the New Cyclical Economy Action Plan(NCEAP). In response to this trend, the packaging industry
is moving away from conventional non-degradable/petroleum-based plastics and conducting research on packaging mate-
rials using biodegradable plastics such as PLA(Poly Lactic Acid), PBAT(Poly Butylene Adipate-co-butylene Tere-
phthalate). On the other hand, ginkgo leaves occur in large quantities in Korea and act as a cause of slip accidents and
flooding. In this study, a method to utilize ginkgo biloba leaf as a new alternative biomass resource was proposed by pro-
ducing lactic acid through pretreatment, enzymatic saccharification, and fermentation processes. For the efficiency of lac-
tic acid production, a comparative analysis of lignin content from before and after browning was performed. In addition,
the degree of glucan extraction was evaluated by applying a pretreatment method using three catalysts: hot water, sulfuric
acid, and sodium hydroxide. It is difficult to expect high production of lactic acid with single process. Therefore, an inte-
grated process operation using both the pretreated hydrolyzate and the residual solid enzymatic saccharification solution
must necessarily be applied.

Keywords: Biodegradable material, Eco-friendly biomass, Extraction byproduct, Ginkgo biloba leaf, Lactic acid
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A Study on the Method of Manufacturing Lactic Acid from Ginkgo Biloba
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23 v =Rl A) A ol L R A A
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2). Hot water Hx]2] W2 A&} 3571 19+, 538}
& ARSSHA] 271 wWEe] whe & )8 S FikEol
AAER] =T}, Sulfuric acids= hemicelluloseS A% 0
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Table 1. Before browning (GL-G) and after browning (GL-B)
composition of byproducts of Ginkgo biloba leaf extract

Composition
(wt. %, + SE)
GL-G GL-B

Classification

Glucan 120+0.1 [ 12.3+£0.2
Xylan 22+£0.0 | 2.0+0.0
Galactan 2.8+0.0 | 25+0.0
Carbohydrates -
Arabinan 2.1+£0.0 | 22+0.0
Mannan 14+£00 | 1.3+£0.0

Subtotal 20.5 20.3

Lignin Acid insoluble lignin | 31.3+0.4|46.2+0.5
148+0.2|13.2+0.3
9.7+0.0 {10.1£0.1

Crude protein -
Ash -
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Table 2. Reaction conditions according to pretreatment catalysts for carbohydrate extract from Ginkgo biloba leaf extract Byproducts

. Pretreatment method
Variables — - - - - - - -
Liquid hot water Dilute acid (sulfuric acid) Alkali (sodium hydroxide)
Reaction temp. (°C) 150 150 150
Reaction time (min) 30, 60, 90, 120 30, 60, 90, 120 30, 60, 90, 120
Conc. (wt. %) - 0.5 1.0
Solid : liquid 1:10 1:10 1:10
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Fig. 1. Glucan recovery rate and byproducts production yield of Ginkgo biloba leaf extract byproducts according to pretreatment catalyst
and reduction conditions (reaction conditions: reaction temperature 150°C, solid : liquid =1 : 10, H,SO, concentration 0.5 wt.%, NaOH

concentration 1.0 wt.%).
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Fig. 2. Glucan residual rate according to pretreatment catalyst and reaction conditions of Ginkgo biloba leaf extract byproducts(reaction
conditions: reaction temperature 150°C, solid : liquid =1 : 10, H,SO, concentration 0.5 wt.%, NaOH concentration 1.0 wt.%).
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Fig. 3. Enzymatic saccharification test of residual solid after hot water, H,SO,, and NaOH pretreatment of Ginkgo biloba leaf extract
byproducts(enzymatic digestibility conditions: 50°C, 150 rpm, pH 4.8, Cellic® Ctech2, 30 FPU/g-glucan).
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Fig. 4. (A) Recovery yield of glucan and the production yield of byproducts in liquid fractionation. (B) Glucan retention yield of solid

fractionation(reaction conditions: reaction temperature 150°C, solid : liquid = 1

: 10, reaction time 60 min).
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Fig. 5. (A) Recovery yield of glucan and the production yield of byproducts in the liquid fractionation. (B) Glucan retention yield of

solid fractionation(reaction conditions: solid : liqud = 1

: 10, reaction time 60 min, NaOH concentration 0.5 wt.%).
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Fig. 8. Consumption of glucose and production of lactate according to fermentation time of pretreated hydrolyzate(reaction condition:

30°C, 200 rpm, MRS media based).
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Fig. 9. Consumption of glucose and production of lactate according to fermentation time of residual solid enzyme saccharification solu-
tion after pretreatment(reaction condition: 30°C, 200 rpm, MRS media based).

Solid part 36.8 g

Ginkgo leaf extract

by-product
100 g
Glucan 11209
Other sugars” :85g
Lignin 1313g
Protein 11489
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Others 1237g

e
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Enzymatic hydrolysis

150 °C, 60 min, S:L = 1:10,
0.5 wt.% NaOH
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50 °C, 150 rpm, 72 h
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(glucan 5.3 g)

Fermentation
Lactobacillus fermentum,

0 > Lactate 3.3 g
10% inoculation, 200 rpm

30 °C, pH 6.2, 48 h

Fig. 10. Total process of manufacturing a lactic acid using Ginkgo biloba leaf extract.
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