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ABSTRACT

This study applied response surface methodology and synthetic evaluation method to optimize the alkaloid content
of buckwheat sprouts. Solid-liquid (1:10-1:30), ethanol concentration (60%-80%), extraction temperature
(20°¢-60°C) and extraction time (20-40 min) were considered as treatment factors in the optimization. All treatment
variables shown significant effects on the alkaloid content of buckwheat sprouts (P<0.05). A second order
polynomial model produced a satisfactory fitting of the experimental data considering the alkaloid content
(Rzadj:O.8803, S=0.094). Considering the feasibility, the best conditions for the alkaloids content were identified as
solid-liquid ratio 1:15, ethanol concentration70%, extraction temperature 45°C and extraction time 20 min, under
these conditions the alkaloids content was 1.35 mg/g. This process control study provided baseline data for
developing industry of buckwheat sprouts.
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INTRODUCTION

Buckwheat has two main species including commonkwheat Eagopyrum esculentum Moench) and tartary
buckwheat FFagopyrum tataricum Gaertn), which is a nutritious and pharmaceutically impat plant. They are
rich in functional ingredients, such as, flavone@mpounds (mainly rutin and quercetin), phenolidscamino
acids, minerals, vitamins and crude fibers. Buclattend its products have high antioxidant actigityl reducing
capillary vessel brittleness, improving microcimtidn, so buckwheat attracted wide attention iremdy years [1,
2].

During germination (Fig.1), many significant chasgeere observed in the biochemical and physicat@sphat
resulted in the reduction of undesirable substammoeb the improvement of nutritional values [3]. Dieethe
buckwheat germination can enhance the digestitofitpuckwheat protein as well as improve the qualitprotein
and the nutritional value of fatty acid compositidghe germinated buckwheat has been considered ramwva
vegetableMichat S” wieca had studied on the impact of lioin and the phenylpropanoid pathway feeding en th
nutritional quality, the potentially bioaccessilpleenolics and the antioxidant capacity of youngkiadeat sprouts
[4]. Jianxiong Hao had studied the slightly aciéiectrolyzed water(SAEW) treatment could promote thtin
accumulation of germinated buckwheat by influenghegnylpropanoid secondary metabolic pathway inlstéahe
inhibition of rutin degrading enzyme (RDE) activiy]. All of the above have proved that buckwheat sprowgse
further studied by more and more researchers.

Alkaloids is a nitrogen-containing compound in parEva Tavc ar Benkovic researched that isolatmalysis and
structures of phototoxic fagopyrins from buckwhéwgt,founded two new Alkaloids (fagopyrin A and fagon E)
[6]. Alkaloids of buckwheat sprouts will gradualhayed attention by scientists. In this paper, thst extraction
process of buckwheat alkaloid was researched.
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Fig. 1. Germination buckwheat seeds

EXPERIMENTAL SECTION

Materials

Buckwheat seeds were collected from Shanxi Acadefiiygricultural Sciences during its availability tife season.
Chemicals including bromocresol green, potassiurdrdnen phthalate, hydrochloric acid, sodium hydiexi
sodium carbonate, ethanol, chloroform. atropindéageilwere obtained from Sigma Aldrich (GillinghaBorset,

UK). Other chemicals were of analytically pure

Germination seeds

Approximately 50.0 g of buckwheat were sanitizeddmaking for 3 min in a sodium hypochlorite solati®.1

mol/L. Seeds were rinsed three times with deionizatkr. The resulting seeds were spread unifornity the dish
for germination. The germination process was cdroet in a incubator with the temperature$and the relative
humidity about 80% to 95%][7]. Germination was cactdd in dark conditions. Sprouts were harvestethe
proper germination times, then immediately washedet times with deionized water. Samples were inatelg

placed into plastic bags and stored aP€18

Alkaloids Extraction

The extraction of Alkaloids was carried out accogdio Hadi and Bremner [8] and extraction of Alkdkbowas done
by the ultrasonic assisted ethanol extraction nuett@entrifuge at 4000 rpm, 15 min. The filtrate wasary

evaporated to a syrup state. The crude alkaloidum@xwas then separated from neutral, acidic nssgerand water
soluble ingredients by hydrochloric acid solutid®y( ), then basification of the aqueous solutiomgissodium

carbonate (5%, w/v) and re-extracted with ChlonafobDilute with Chloroform to volume 25 mL and ahisance
was measured at 415.5 nithe results were indicated as mg atropine sulfgtévalent.

Determination of alkaloids content

Weighed accurately 1.0 g sample, ultrasonic ex@dhat the appropriate parameter, then centrifugatet®00 rpm,
15 min, under the room temperature. The final extvaas filtered and the filtrate was concentratedes vacuum.
The crude alkaloid mixture was then separated framtral, acidic materials, and water soluble ingne$ by
extraction with aqueous hydrochloric acid (5%)deled by chloroform extraction, then basificatiortlvd aqueous
solution using sodium carbonate (5%, w/v) and reaexed with chloroform, and evaporated in volumestmL.
Pipetted 1 mL concentrate to 10 mL test tube, atutbd chloroform to 6 mL, then putted 4 mL Bromootd3reen
in the mixture. The mixed solution was transferre@ separatory funnel, then added 15 mL chlorof@tmocked 3
min, pipette chloroform layer to the 25 mL voluneflask, diluted with ethanol to volume 25 mL aalisorbance
was measured at 415.5 nm. The results were exprass@g atropine sulfate equivalent.

Effect of different experiment factorsand levels on the alkaloid content

In this experiment, the factors of solid-liquidicatethanol concentration, extraction temperatue extraction time
were considered, and each factor have five letledy, were shown in table 1.
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Table 1 The experimental factorsand levels

Levels Solid-lliquid Ethanol concentration Extraction temperature Extracti_on time
ratio (%) (oc) (m|n)
1 1:10 60 20 20
2 1:15 65 30 25
3 1:20 70 40 30
4 1:25 75 50 35
5 1:30 80 60 40

Experiment designs and statistical analysis
Response surface methodology (RSM) was used tetigage the effects of process variables (Solididigratio,
ethanol concentration, extraction temperature at@detion time) on the alkaloids content [9].

A Box-Behnken Design including 29 experimental réimsned by four variables and three levels was u3ée
experimental data were fitted to a second ordegmuwhial model.

The data were statistically analyzed by means stepwise multiple regression using Design Expéd¥testo yield
equations for optimizing the process variablesnfiiitant effects of independent variables on eadponse was
determined by ANOVA.

RESULTSAND DISCUSSION

Effect of different solid-liquid ratio on the alkaloid content

As the Fig. 2 shown, alkaloids content was incréaszording to the increase of solid-liquid ratiothe rang from
1:10 to 1:15, and then with the increase of th@ldmjuid ratio, alkaloid content in reduced. Irigtstudy, alkaloid
content reached to the maximum 0.95 mg/g, whesoiid-liquid ratio was 1:15.
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Fig. 2. Effect of different Solid-liquid ratio content

Effect of different ethanol concentration on the alkaloid content

Zhao[10] hold that fats and sugars in the samplebei extracted when given a higher concentratithvamol, the
total alkaloid content will be affected. Alkaloidsssolution rate decreased, when the ethanol coradiem is lower.
According to the Fig. 3, ethanol concentration éased at first and then decreased. When ethancétvation was

70%, alkaloid content reaches the maximum, whick w6 mg/g.
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Fig. 3. Effect of different Ethanol concentration content

Effect of different extraction temperature on the alkaloid content

As HANG]J11] reported that thermally unstable alkd#o will be broken. The Fig. 4 shown, in the rangfe
temperature of 26C to 50°C the higher temperature, the less alkaloids coniuit the alkaloids content suddenly
decreased, when the temperature higher thef€.50he result is that alkaloid content reached eorttaximum 1.20
mg/g, when temperature is 30.
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Fig. 4. Effect of different Extraction temperature content

Effect of different extraction time on the alkaloid content

YU Miao[12] researched the internal structure ébddids was damaged, when extraction time wasdng.|As the
Fig.5 shown that with the increase of extractionetj the alkaloid content increased first and thecrehsed. The
reason is that longer extraction time may damagaertternal structure of alkaloids, and then reduitedalkaloid
content of buckwheat sprouts.In this study, whemagtion time was 20 min, alkaloid content readresmaximum,
which was 1.10 mg/g.
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Fig. 5. Effect of different Extraction time content
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Fitting the Response surface models

In this study, the values obtained experimentallyrésponse variable was compared against the eddeguations
and replicates values, indicating a satisfactorydehoExperimental values of response variablesrésponse
surface design was shown in table 2, and ANOVAwa#dn of prediction models was shown in table Biclw were
obtained using F tests to verify the significandeeach effect or interaction. All the factors wepeesented
significant (p<0.05) quadratic effect on alkaloidntent of buckwheat sprouts. Removed the insiganific the
equation could be expressed as:

Alkaloids content = 1.34 + 0.06A + 0.092B + 0.0670.084D + 0.19AD - 0.12BD - 0.32A 0.268 - 0.31C-
0.270

where A, B, C and D were solid-liquid, ethanol cemitation, extraction temperature and extractioneti
respectively.

Total desirability value was 61.4% in operationahditions (solid-liquid ratio 1:15, ethanol conaaition 71.18%,
extraction temperature 4885 extraction time 19.11 min) . Considering the feitity, the best conditions for the
alkaloids content were identified as solid-liquatio 1:15, ethanol concentration70%, extractionperature 4%,
extraction time 20 min, under these conditionsatfaloids content was 1.35 mg/g.

As shown in Fig.6-11, at the given solid-liquidioatethanol concentration and extraction tempeeatatkaloids
content increased and then decreased . The samkeigion came to the solid-liquid ratio, ethanol centration and
extraction temperature. The reason for these appearis that the higher temperature and ethanaiectration
may destroy the structure of alkaloids, the lonigme of extraction and higher solid-liquid ratiolliesult in a
waste of resources. Therefore , optimal combinatéators should be identified to achieve minimapaut on the
alkaloids content .

Table 2 Experimental values of response for response surface design

variables
Experimental| Solid-liquid | Ethanol concentration Extraction temperature¢ Extraction time| Alkaloids content
Runs ratio (%) (°C) (min) (mg/g
1 1:10 70 50 15 0.85
2 1:15 70 40 25 0.99
3 1:15 70 50 20 0.86
4 1:20 70 40 20 0.75
5 1:15 70 40 15 0.66
6 1:10 70 40 20 1.39
7 1:10 70 50 25 0.89
8 1:15 75 50 25 0.63
9 1:15 70 60 25 0.68
10 1:10 65 50 20 0.72
11 1:15 70 60 15 0.62
12 1:15 65 50 25 0.75
13 1:15 75 60 20 0.81
14 1:15 70 50 20 0.9
15 1:20 75 50 20 1.33
16 1:20 65 50 20 0.61
17 1:15 70 50 20 1.42
18 1:15 65 60 20 0.75
19 1:20 70 50 15 0.81
20 1:10 75 50 20 0.94
21 1:10 70 60 20 0.49
22 1:15 75 50 15 0.34
23 1:20 70 50 25 1.33
24 1:15 65 50 15 0.98
25 1:15 75 40 20 0.72
26 1:15 65 40 20 1.21
27 1:20 70 60 20 0.59
28 1:15 70 50 20 0.69
29 1:15 70 50 20 1.08
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Table 3ANVOA evaluation for response variable coefficient of models

Source Sum of Mean F-Value P-value
squares | df Square
Model 1.96 14 0.14 15.71 < 0.0001 significan
A 0.043 1 0.043 4.85 0.0448
B 0.1 1 0.1 11.54 4.3x10
C 0.053 1 0.053 5.99 0.0284
D 0.085 1 0.085 9.55 8xf0
AB 2.25x10° | 1 | 2.25x10 | 0.025 0.8759
AC 3.60x10° | 1 | 3.60x1G 0.4 0.5351
AD 0.14 1 0.14 15.8 1.4x10
BC 0.027 1 2.70x1d 3.06 0.1022
BD 0.06 1| 6.00x10 6.74 0.0211
CD 0.024 1 0.024 2.70 0.1227
A? 0.66 1 0.66 74.66 < 0.00011
B? 0.44 1 0.44 49.77 < 0.0001L
[ 0.61 1 0.61 68.95 < 0.0001L
D? 0.49 1 0.49 54.65 < 0.000L
Residual 0.12 14  8.90xF0
Lack of Fit 0.099 10| 9.87x10| 1.52 0.3643 not significanit
Pure Error 0.026 4] 6.48x30

Independent variables: A-solid-liquid ratio, B-ethanol concentration,

alkaloids content
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CONCLUSION

In this study, Alkaloids of buckwheat sprouts wadracted using ultrasonic extraction, and respossdace
methodology design was employed to optimize theabées, including olid-liquid ratio, ethanol condtexion,
extraction temperature and extraction time. Allsthdactors exhibited significantly quadratic effect alkaloids
contents. The optimum condition was identified abdsliquid ratio 1:15, ethanol concentration 70&xtraction
temperature 4%, extraction time 20 min, under these conditioresdlkaloids content was 1.35 mg/g. This quality
and process control study provided the baseline ohaide a great potential for industrial usage.
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