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槐花中黄酮类物质提取工艺的研究
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摘　要: 该文研究了水提法、传统的醇回流法提取槐花总黄酮类化合物的提取工艺,并使用正交试验确定了最佳提

取条件。试验结果表明:槐花中总黄酮类物质的最佳提取条件为B2C3A 2,即用 2倍量 40%的乙醇连续回流提取 3

次 (每次 2 h)。
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　　槐花 ( Pogadatree flow ers ) 为豆科植物槐

(Sopho ra japon ica. L )的干燥花及花蕾, 我国大部

分地区都有生长。槐花中含有丰富的芸香甙 (芦丁,

ru t in) ,三萜皂甙,槐花米甲素、乙素、丙素等多种物

质。槐花米甲素是和芸香苷不同的黄酮类物质,它在

花蕾中的含量为 14%左右。据医书记载,槐花有多

种医疗保健功能, 如《日华子本草》中说槐花“治五

痔,心疼,眼疾”;《本草纲目》中说“炒香频嚼,治失音

及喉痹”;《医林篡要》中记载其“泻肺逆,泻心火,清

肝火,坚肾水”[ 1 ]。

现代医学研究表明,黄酮类物质具有降低心肌

耗氧量, 使冠脉、脑血管流量增加, 抗心律、软化血

管,降血糖、血脂,抗氧化,消除抗体内自由基、抗衰

老作用,增加机体免疫力[ 1, 2 ]。有关文献报道了从葛

根、水芹、苦荞麦、银杏叶等中提取黄酮类物质[ 2～ 7 ],

而对于槐花中黄酮类物质的提取尚未见有文献报

道。本文对槐花中黄酮类物质的提取方法 (主要研究

了水提法和醇提法)进行了研究。槐花中黄酮类物质

的提取及含量的测定,有利于更深入地研究槐花的

药理与保健作用,为槐花的开发评价槐花的质量提

供了理论依据和检测手段。

1　材料与方法

1. 1　材料和仪器

材料: 槐花, 购于潮州市中药店; N aNO 2、

AL (NO 3) 3、N aOH、95%乙醇 (均为A. R 级) 。

仪器: 724分光光度计 (上海光学仪器厂) ; 光电

分析天平 T G328B 型 (上海第二天平仪器厂) ;干燥

箱 101A 1 型 (上海市实验仪器总厂) ; 电热套; 离心

机等。

1. 2　黄酮物质提取方法及含量测定

1. 2. 1　槐花中黄酮类物质的提取方法

1) 醇提法: 材料→干燥→粉碎→醇回流→抽滤

→离心→离心液合并→浓缩→定容→测定吸光度,

计算总黄酮类物质的含量。

2) 温浸法: 分别在 50、60、70、80℃和 90℃等不

同温度下,各取 5 g 槐花干料进行水浴恒温,以蒸馏

水作溶媒,第一次用 10倍溶媒温浸 1 h,第二次 8倍

溶媒温浸 0. 5 h, 合并二次滤液并浓缩, 然后于 50

mL 容量瓶定容。

3) 煎煮法: 取 5 g 槐花干料,以蒸馏水作溶媒,

分别用 10倍溶媒和 8倍溶媒于电热器直接加热,保

持微沸,第一次加热 1 h,第二次 0. 5 h。合并二次滤

液并浓缩,然后于 50 mL 容量瓶定容。

4) 加碱浸提法: 各取 5 g 槐花干料,分别以 pH

值为 8、9、10和 11的N aOH 溶液作溶媒,在 80℃水

浴恒温温浸。第一次用 10倍溶媒温浸 1 h,第二次用

8 倍溶媒温浸 0. 5 h,合并二次滤液并浓缩,然后于

50 mL 容量瓶定容。

1. 2. 2　工作曲线回归方程的确定[ 3, 4 ]

配制一系列不同浓度的芦丁标准溶液于波长 K

= 500 nm 处测定吸光度,依芦丁浓度——吸光度标

准工作曲线,得出回归方程:

Y = 0. 1026A - 0. 00195　相关系数 r = 0. 9999

Y—芦丁溶液的浓度, göL ; A —溶液的吸光度。

1. 2. 3　待测液的配制及黄酮类物质的测定

将提取液转移至 100 mL 容量瓶中, 用与提取

时同浓度的乙醇定容,摇匀。取 0. 4 mL 定容后的提

取液置于 10 mL 容量瓶中, 用 30%乙醇补充至 5

mL , 加入 0. 28 mL N aNO 2 (1∶20) , 摇匀, 放置 5

m in 后加入 0. 28 mL AL (NO 3) 3 (1∶10) , 6 m in 后

再加入 2 mL 1 m oL öL 的 N aOH 溶液, 混匀, 用

30%乙醇稀释至刻度, 10 m in 后于 500 nm 处的波
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长测定吸光度,试剂为空白。

总黄酮类物质含量 (% ) = [ (Y×10×100) ö

(0. 4×5×1000) ]×100= Y×50

Y: 根据所测定溶液的吸光度值,用回归方程计

算出的相对应的总黄酮类物质含量。

1. 3　回流中主要影响因素的确定

在材料粉碎度以及所用溶剂一定条件下,溶剂

的浓度、回流的时间、提取温度以及溶媒量等因素都

会对提取率产生影响,试验选用乙醇为提取剂,由于

在回流时的温度难以控制,因此本试验只讨论了乙

醇浓度、乙醇用量和回流时间对提取率的影响。

2　结果与分析

2. 1　乙醇浓度对醇提法提取效果的影响

分别用 20%、40%、60%、80%的乙醇, 以 60

mL 为 1倍量对槐花 10 g 进行回流提取 1 h,提取液

按照 1. 2. 3试验步骤操作。结果如表 1。
表 1　乙醇浓度对槐花中黄酮类物质提取效果的影响

T ab le 1　Effect of alcoho l con ten t on

ex tract ing resu lt of F lavono id

浓度ö % 20 40 60 80

吸光度 1. 769 2. 116 1. 897 1. 886

试验表明: 槐花在浓度为 40%的乙醇回流时所

测得的吸光度最高。

2. 2　不同溶媒量对醇提法提取效果的影响

分别用 1、2、3倍量的乙醇对槐花中黄酮类物质

进行提取 1 h,试验结果如表 2。试验结果表明:槐花

在 2倍量溶媒时吸光度较高。
表 2　不同溶媒量对槐花中黄酮类物质的提取效果

T ab le 2　Effect of so lven t vo lum e on

ex tract ing resu lt of F lavono id

溶媒量 1倍 2倍 3倍

吸光度 2. 116 2. 520 2. 350

2. 3　不同时间对醇提法提取效果的影响

槐花以溶媒量为 2 倍量 40%的乙醇从中提取

总黄酮类物质。试验结果如表 3。试验结果表明:物

料回流 2 h 的提取效果最好,往后随着时间增加,吸

光度反而降低,这可能是回流时间太长,有部分乙醇

被挥发,而导致沸点逐渐增大,从而破坏某些黄酮类

化合物。

2. 4　水提法的提取效果

2. 4. 1　不同水浴温度对温浸法提取效果的影响

由图 1可知,各取 5 g 干槐花 5份,各加蒸馏水

50 mL 和 30 mL 于 50℃、60℃、70℃、80℃和 90℃

表 3　不同回流提取时间的提取情况

T ab le 3　Effect of backw atering tim e on

ex tract ing resu lt of F lavono id

时间ö h 1 2 3 4

吸光度 2. 177 2. 420 1. 943 1. 527

进行温浸提取两次时,随着温度的升高,提取液中的

总黄酮类物质也增加,即温度提高温浸效果较好,主

要是由于黄酮类物质易溶于热水。

图 1　温度对温浸法的影响

F ig. 1　Effect of temperatu re on w ater ex tract ing m ethod

2. 4. 2　不同 pH 值对温浸法提取效果的影响

由图 2可知,各取 5 g 干槐花 4份,在 80℃恒温

水浴分别以 pH 值为 8、9、10、11的N aOH 溶液分两

次温浸 1 h 和 0. 5 h。pH 值降低时,由于提取不完

全,提取液中的总黄酮类物质含量较低; pH 值为 11

时虽然黄酮含量较高,但含有的N aOH 溶质较多而

造成分析结果出现干扰,因此 pH 值为 10时的加碱

温浸法效果最好。

图 2　80℃水温条件下 pH 值对温浸法的影响

F ig. 2　Effect of pH value on w ater ex tract ing m ethod

2. 4. 3　不同水提法对提取效果的影响

由图 3可知,取干槐花 5 g 3份,分别以蒸馏水

作溶媒于 90℃恒温水浴、以蒸馏水作溶媒于电热器

上直接加热、以 pH 值为 10 的N aOH 溶液于 80℃

恒温水浴各提取 1 h 和 0. 5 h。以 80℃恒温水浴, pH

值为 10的加碱温浸法提取效果最好; 90℃水浴温浸

法的效果次之,煎煮法最差。这主要是煎煮法的过程

中,溶剂比较容易蒸发,损失较多,造成用煎煮法提

取液中总黄酮类物质含量最低。
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图 3　不同水提法效果比较

F ig. 3　Comparison of differen t w ater ex tract ing m ethod

2. 5　正交试验确定提取的最佳条件

比较了水提方法与醇提法,醇提法效果较好。为

全面考查醇提法影响因素,设计了溶媒量、溶媒浓度

和提取次数的 3因素 3水平正交试验,结果见表 4。

试验结果及方差分析表明: 乙醇回流法从槐花

中提取总黄酮类化合物的最佳条件为B 2C3A 2, 即

用 2 倍量 40%乙醇回流 3 次 (每次 2 h) ,影响因素

的大小依次为:乙醇浓度、提取次数、溶媒量;此法提

取的槐花中总黄酮类物质含量为 13. 04%。

表 4　L 933 的醇提法正交试验结果及分析

T ab le 4　T he resu lt and analysis of L 933 o rthogonal experim en t of alcoho l ex tract ing m ethod

因素 溶媒量 (倍) 溶媒浓度ö % 提取次数 吸光度
测定液中总黄酮
含量 Y ö g ı L - 1

总黄酮类物质提取率
(相对被提取槐花质量) ö %

1 1 (1) 20 (1) 2 (2) 2. 507 0. 255 3 12. 77

2 1 (1) 40 (2) 1 (1) 2. 301 0. 234 1 11. 71

3 1 (1) 60 (3) 3 (3) 2. 456 0. 250 0 12. 50

4 2 (2) 20 (1) 1 (1) 1. 485 0. 150 4 7. 52

5 2 (2) 40 (2) 3 (3) 2. 560 0. 260 7 13. 04

6 2 (2) 60 (3) 2 (2) 2. 320 0. 236 0 11. 80

7 3 (3) 20 (1) 3 (3) 1. 875 0. 192 4 9. 62

8 3 (3) 40 (2) 2 (2) 2. 260 0. 230 0 11. 50

9 3 (3) 60 (3) 1 (1) 2. 248 0. 228 7 11. 44

因 素 溶媒量 (A ) 溶媒浓度 (B) 提取次数 (C)

É 18. 47 14. 91 15. 32

˚ 16. 16 18. 08 18. 01

¸ 16. 21 17. 85 17. 51

Q 288. 35 289. 27 288. 55

S 1. 16 2. 08 1. 36

P 287. 19

方差来源 平方和 (S ) 自由度 (f ) 均方 S ö f F 临界值

溶媒量 1. 16 2 0. 58 1 F 0. 05 (2. 2) = 19

乙醇浓度 2. 08 2 1. 04 1. 79 F 0. 01 (2. 2) = 99

提取次数 1. 36 2 0. 68 1. 17 F 0. 1 (2. 2) = 9

总和 4. 60 6 F 0. 2 (2. 2) = 4

3　结　论

对槐花中黄酮类物质的提取,水提法以 80℃的

恒温水浴, pH 值为 10的氢氧化钠液提取效果最好。

醇提法的正交试验的结果表明: 槐花中黄酮类

物质的最佳提取条件是: B 2C3A 2,即用 2倍量 40%

乙醇回流 3次 (每次 2 h)。醇提法提取总黄酮类物质

的含量是 13. 04% ,而碱提法只有 6. 06%。所以,槐

花中黄酮类物质的最佳提取方法是醇提法。此法的

提取工艺简单,条件容易控制,提取率高,提取剂乙

醇易除净,所以可将此工艺应用于工业化生产,所生

产的提取液可浓缩成膏状物,也可直接将其添加到

保健饮料、糖果、绿豆羹、饼干或口服液中,作为保健

食品、营养食品和功能食品的原料,应用前景良好。
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Starch Pa ste Clar ity and Its Inf lucence Factors (129)⋯⋯⋯⋯⋯⋯⋯⋯⋯⋯⋯⋯⋯⋯⋯⋯
D u Xia nfe ng

1, Xu S hiy ing
2, W a ng Zha ng

2　 (1. D ep artm en t of F ood E ng ineering , A nhu i A g ricu ltu ra l U n iversity ,

H ef ei 230036, Ch ina;　2. S chool of F ood S cience, W ux i U n iversity of L ig h t Ind ustry , W ux i 214036, Ch ina)

Abstract: Sta rch paste cla rity and the effects of m o lecu lar st ructu re, ret rograda t ion and som e food

ingred ien ts such as N aC l, sucro se and cit ric acid w ere invest iga ted. T he experim en ta l resu lts ind ica te tha t

the sta rch m o lecu lar st ructu re is the p rincipa l facto r to influence the sta rch paste cla rity. N aC l w as p roved

to be ab le to reduce sta rch paste cla rity, and sucro se, cit ric acid are p roved to be ab le to increase the

cla rity. D u ring the in it ia l sto rage period (4℃, 0～ 4 d) , the cla rity decreased ab rup t ly, then it g radually
decreased to its m in im um as the leached2ou t am ylo se com p letely fo rm ed a th ree2dim en siona l netw o rk w ith

am ylopect in em bedded in and reinfo rced to the in terpenetra t ing am ylo se gel m atrix.

Key words: sta rch paste; cla rity; m o lecu lar st ructu re; food ingred ien t; ret rograda t ion

Exper im en ta l Study on Extruded R ice Used a s Beer Adjunct (132)⋯⋯⋯⋯⋯⋯⋯⋯⋯⋯
S he n D e cha o , M e ng Ya ng　 (E ng ineering T echnology Colleg e, N ortheast A g ricu ltu ra l U n iversity , H arbin 150030,

Ch ina)

Abstract: In th is paper the influence of the param eters of the ex tru sion system of rice u sed as beer ad junct

on indexes ob served w as stud ied by experim en ts in the labo ra to ry. T hese param eters are the d iam eter of

nozzle, barrel tem pera tu re, m o istu re con ten t of rice and screw speed. T he indexes include to ta l reduced

sugar concen tra t ion and filt ra t ion ra te. T he research resu lts ind ica te tha t the ex truded rice can be u sed as

beer ad junct.

Key words: rice; ex tru sion; beer ad junct

Rheolog ica l Law of the Crop Stem F ibrousM a ter ia l D ur ing Com press ion Process (135)⋯
Ya ng M ingsha o , Zha ng Yong , L i Xuy ing　 (Inner M ong olia A g ricu ltu ra l and H usband ry U niversity , H uhhot 010018,

Ch ina)

Abstract: T he exp lo it ion of the loo se crop m ateria l needs com p ression p rocess. To determ ine the structu ra l

param eters and op t im ize the design of com p ression equ ipm en t, the law of com p ression p rocess, the

rela t ion sh ip am ong m ain param eters in the w ho le com p ression p rocess and the characteristerics of the

m ateria l to be com p ressed are invest iga ted. Based on the ach ievem en t acqu ired by ou r research group , a

basic law of the stress and stra in varia t ion pat tern w as ob ta ined by u se of advanced m easu ring m ean s,

w h ich p rovided a theo ret ica l basis fo r the fu rther study and op t im um design of com p ression equ ipm en t.

Key words: crop m ateria l; rheo logy; com p ression

Extraction Technology of Soluble Polysacchar ides From W ild Pa tr in ia V illosa (138)⋯⋯⋯
Zhu J ia jin　 (Colleg e of A g ricu ltu ra l E ng ineering and F ood S cience, Z hej iang U niversity , H ang z hou 310029, Ch ina)

Abstract: Pa trin ia V illo sa (P. V. ) can cu re d iarrhea, bu t it can a lso do good to con st ipa t ion. N o t on ly the

leaves and the stem s can relax the con st ipa t ion, bu t a lso the w ater2so lu t ion ex tracted from P. V. has the

sim ila r funct ion. In o rder to know the effect ive ingred ien ts to p reven t and cu re con st ipa t ion ex tracted in

the w ater2so lu t ion, the ex tract ion techno logy of so lub le po lysaccharides from w ild P. V. w as stud ied, and

sing le facto r test and o rthogonal experim en t design m ethods (L 9 (33) ) w ere app lied to ana lyze the influence

of each facto r in so lid2liqu id ra t io , tem pera tu re and t im e on the ex tract ion percen t of the po lysaccharides

from the w ater so lu t ion of P. V. . Experim en ta l resu lts ind ica ted tha t tem pera tu re and so lid2liqu id ra t io

sign if ican t ly affect the ex tract ion percen t of the so lub le po lysaccharides. T he op t im um so lid2liqu id ra t io is
1∶20, tem pera tu re is 100℃ and the ex tract ion t im e is 6 hou rs. In th is condit ion, the ex tract ion percen t of

so lub le po lysaccharides is 2. 58%.

Key words: pa trin ia villo sa; so lub le po lysaccharides; ex tract ion techno logy; con ten t m easu rem en t;

pheno l2su lfa te m ethod; con st ipa t ion

Extraction of Flavono id From Pagoda tree Flower (142)⋯⋯⋯⋯⋯⋯⋯⋯⋯⋯⋯⋯⋯⋯⋯

Ó
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D ing L ijun, W u Zhe nhui, C a i C hua ngha i　 (D ep artm en t of B iology and Chem istry , H anshan N orm al Institu te,

Chaoz hou , Guang d ong 521041, Ch ina)

Abstract: T he ex tract ion of the flavono id from Pagodatree flow er w ith w ater system and alcoho l2w ater

backw atering system w as stud ied. W ith w ater ex tract ing m ethod, the effect of tem pera tu re, pH value,

and differen t techno logy w as stud ied. W ith a lcoho l ex tract ing m ethod, th rough the o rthogonal

experim en t, the op t im um techn ica l condit ion is ob ta ined. T he resu lts show ed tha t the op t im um techno logy

of ex tract ing flavono id from the Pagodatree flow ers is B 2C3A 2, nam ely, 2 t im es vo lum e 40% alcoho l2
w ater, 3 ex tract ing t im es (2 h ö each t im e) , and the con ten t of flavono id is 13. 04%.

Key words: pagodatree flow ers; op t im um techn ica l condit ion s fo r ex tract ion; backw atering; o rthogonal

experim en t; f lavono id
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Informa tion Process ing System for Prec is ion Agr iculture Ba sed on GPS and GIS (145)⋯
He Yong , Fa ng Hui, Fe ng Le i　 (Colleg e of A g ricu ltu ra l E ng ineering and F ood S cience, Z hej iang U niversity ,

H ang z hou 310029, Ch ina)

Abstract: To acqu ire spa t ia l info rm at ion qu ick ly and analyze it p roperly, an info rm at ion p rocessing system

w h ich u ses M apO b jects to in tegra te GPS w ith G IS is researched. T h is info rm at ion p rocessing system has

the funct ion of visua lizing and analyzing spa t ia l da ta, show ing and track ing m oving po in t and ca lcu la t ing

area of clo sed po lygon. It can in tegra te GPS and G IS in to Expert System and D ecision Suppo rt System

perfect ly. A new w ay of info rm at ion p rocessing and a new m odel of info rm at ion p rocessing system fo r the

research of p recision agricu ltu re are pu t fo rw ard.

Key words: p recision agricu ltu re; G IS; GPS; info rm at ion p rocessing syst tem

Fuzzy Pa ttern Recogn it ion M ethod Ba sed on Image Con tour L ine (150)⋯⋯⋯⋯⋯⋯⋯⋯
Yu Q ingca ng

1, Ya n Hongb in
2 　 ( 1. Colleg e of A g ricu ltu ra l E ng ineering and F ood S cience, Z hej iang U niversity

H ang z hou 310033, Ch ina;　2. Z hej iang P ow er S y stem T ra in ing and E d uca tion Cen ter, H ang z hou 310029, Ch ina)

Abstract: A sim p lif ied m ethod w as pu t fo rw ard on a b inary im age con tou r line ex tract ion. D istance

betw een cen tro id and do ts on con tou r line w as ca lcu la ted, and based on the m ax im um cen tro id2do t

d istance, a fea tu re victo r includ ing tw elve d irect ion segm en ts and length s of con tou r line w as stud ied in

th is paper, and tw o distance a lgo rithm s based on euclid d istance w ere p rom o ted. T he experim en ta l resu lts

show tha t the co rrect recogn it ion ra t io s on th ree k inds of paddy seed reach respect ively 79. 89% , 89. 63%

and 93. 27%. T h is m ethod can also be app lied to fuzzy pat tern recogn it ion on fru its, m ach ine parts etc. .

A s random of ob ject’s lay d irect ion and side w ere taken in to accoun t in th is paper, and ob jects are

recogn ized a t the sam e direct ion and on the sam e side, so th is m ethod can also be p rom o ted to the op t ic

m easu rem en ts on ob ject ro ta t ion angle and any p reind ica ted geom etrica l param eters.

Key words: paddy seed; im age; con tou r line; fuzzy pat tern recogn it ion

M ea sur ing Area of L eaves Ba sed on Com puter V is ion Technology by Reference Object
　 (154)⋯⋯⋯⋯⋯⋯⋯⋯⋯⋯⋯⋯⋯⋯⋯⋯⋯⋯⋯⋯⋯⋯⋯⋯⋯⋯⋯⋯⋯⋯⋯⋯⋯⋯⋯⋯
Xu G uili, M a o Ha np ing , Hu Yonggua ng　 (Colleg e of M ach inery E ng ineering , J iang su U niversity , Z henj iang , J iang su

212013, Ch ina)

Abstract: A m ethod of m easu ring area of leaves by reference ob ject based on com pu ter vision techno logy

w as stud ied. T he sam p ling box of live leaves w as developed, and its da ta w ere op t im ized. T he

m easu rem en t p rocess w as stud ied. T he reference ob ject w as segm en ted from the o rig ina l im age by the

m ethod of th resho ld. T he data of th resho ld w as gained by m ean s of deriva t ion. T he w ay of rem oving the

no ises in the im age w as stud ied. Genera lly, the resu lts show tha t th is m ethod has bet ter feasib ility, h igher

p recision and h igher eff iciency.

Key words: leaf area; com pu ter vision; m ethod of reference ob ject; m easu rem en t

Reversible A irf low D ry ing System Ba sed on Single-Ch ip Com puter Con trol　 (158)⋯⋯⋯
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